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PREFACE 



The modem physician's armamentarium is so complex that 
additions to it are far from an unmixed boon. Nevertheless, 
the sphygmomanometer has been welcomed in many quarters 
as an instrument of real value. Two questions, however, must 
be fairly and squarely answered, before its general use can be 
advocated; First, Does it yield accurate information, which 
can be had in no easier way? Second, Is this information 
worth the time expended in obtaining it ? 

The answer to the first question is simple. Five minutes' 
trial will convince the most sceptical that his previous judg- 
ments, based on his supposedly trained sense of touch, were 
often fallacious. High tension was certainly recognized before 
the introduction of the sphygmomanometer, but so was fever 
before the days of clinical thermometers. No physician would 
endorse the sentiments of the old colored mammy, who said, 
"What you want wif dese new-f angle fermometers, honey? 
I puts de babies in de baf , and if de water's too cole it turns 
'em blue, if it's too hot it turns 'em red." In medicine, accu- 
racy of observation is the first step toward a correct diagnosis, 
without which nothing but bald empiricism is possible. 

The second query cannot have so prompt a reply. The 
value of a knowledge of the actual blood-pressure in a par- 
ticular case must depend largely on the observer's acquaintance 
with the physiological and pathological causes for variation. 
It is the aim of the author to make this knowledge, which is 
now scattered through text-books of physiology, pathology, 
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viii PREFACE 

and practice, and a considerable journal literature of twenty 
odd years, readily available to every practitioner. With this 
information, both diagnosis, prognosis, and therapeutics can- 
not but gain in eflSciency through blood-pressure determina- 
tions, at the bed-side or in the ofSce. 

His personal conviction of the truth of this statement, after 
the use of various sphygmomanometers and some critical study 
of their value, must be his excuse for the presentation of this 
book. In its preparation he has incurred many obligations, 
which he can only acknowledge here with hearty thanks; to 
his father. Dr. E. G. Janeway, for most of the opportunities 
for clinical study; to his friends. Prof. Qraham Lusk, Drs. 
E. M. Evans, Stuart Hart, and Horst Oertel, for personal 
assistance; to Dr. H. W. Cook, for his courtesy in allowing 
the reproduction of his valuable charts, and to Dr. J. Erlan- 
ger, for the mechanical drawings of his sphygmomanometer. 
In the literature, on the physiological side, the invaluable 
text-book of Tigerstedt; on the technical side, the work of 
V. Recklinghausen, of Qumprecht, and of Vaschide and Lahy ; 
and in the cUnical portion, the articles of Cook and Briggs, 
Hensen, and Cushing, and Crile's studies, have been of the 
greatest service. He would also thank Drs. Province, W. C. 
Gkirvin Higgins, A. H. Garvin, Chapin, Boyd, and Qurside, 

of the House Staff of City Hospital, for their aid and coopera- 
tion in obtaining illustrative charts, and Mr. Ed. Ruschli and 
Mr. Max Jiitte, of the second year class at the University 
and Bellevue Hospital Medical College, the former for mano- 
metric tracings, the latter for aid in preparing part of the 
bibliography. The excellent drawings of apparatus are by 

Mr. K. K. Bosse. 

T. C. J. 

86 West Portietu Street. 
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CHAPTER I 

THE DIRECT MEASUREMENT OF BLOOD-PRESSURE 

1. INTRODUCTION 

That the blood exerts pressure upon the vessels through 
which it circulates is, of course, a necessary corollary of the 
fact that it flows; but more than a hundred years elapsed be- 
fore Harvey's discovery of the circulation was followed by 
Hales's* demonstration of the blood-pressure, in 1733, and a 
second century before its accurate study was begun. 

A. The Mercurial Manometer. — The exact determinations 
which mark the beginning of modem physiological experi- 
ment took their origin with two men, Poiseuille and Ludwig. 
The former, in 1828,* introduced the mercurial manometer of 
U form, thus bringing the observation of blood-pressure within 
the compass of a reasonable space, and, in addition, made pro- 
longed experiments possible for the first time, by retarding the 
coagulation of the blood in the tul)e leading from the artery. 
This he accomplished by filling the tube with a saturated 
solution of sodium carbonate, which is commonly employed to 
this day. 

K The Kymographioit — Ludwig's contribution was of even 
greater importance, because the graphic method, which he ap- 
plied to the study of the blood-pressure in 1847,^ hits proved 
not alone a means of permanent and unimpeachable record, 
but an invaluable aid in the elucidation of all the mechanical 
problems of physiology. To his kymographion we owe nearly 

' Hales, Stephen. Statical Essays: containing IIiBiuastatics. lx)ndon, 
1733, vol. ii, pp. 1 and following. 

• Poiseuille, I. L. M. Recherches sur la force du coeur aortique. Paris, 
1828, pp. 23 and following. Quot4?d by Tigerstedt, Lehrbuch d. Physiol, des 
Kreislaufes, lueipzig, 1893, p. 322. 

■ Ludwig, C. Bcitrftge zur Kenntnis des Einflusses der Respirationsl)oweg- 
UDgen auf den Bhitdnick im Aortensysteme. Arch. f. Anatomie, Physio- 
logic u. Wissenschaftliche Mod., etc., 1847, p. 261 and following. 
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4 DIRECT MEASUREMENT OF BLOOD-PRESSURE 

all our accurate knowledge of the circulation. This method of 
obtaining a blood-pressure tracing, by a recording manometer 
connected directly with an opened artery and writing upon a 
revolving cylinder, is so familiar as to need no explanation here. 
That this method does not give an accurate record of all 
the events within the artery is not so well known, and is 
scarcely mentioned in the current text-books on physiology, 
because these confine themselves to the discussion of mean 
blood-pressure. The clinical methods for investigating blood- 
pressure, however, never determine the mean pressure, but 
either the maximum (systolic) or minimum (diastolic), and 
much confusion has arisen through a lack of appreciation of 
this fact. At the outset, therefore, everyone who 
would intelligently use these clinical instru- 
ments should understand the manometric blood- 
pressure trace and its limitations. 

2. THE NORMAL MANOMETRIC TRACE 

Such a tracing is shown in Fig. 1. Two distinct sets of 
fluctuations are apparent in it. A careful comparison with 
a simultaneous record of the movements of the chest would 
show that the larger and more gradual rises and falls corre- 
spond with expiration and inspiration respectively; the small 
and rapid oscillations are those due to systole and diastole of 
the ventricles of the heart. With a rapidly revolving cylinder 
these pulse- waves may be more easily followed; but this is not 
desirable for the determination of blood-pressure. It is evi- 
dent from this tracing that the arterial blood-pressure is not a 
constant quantity, susceptible of easy measurement, even for 
a short period of time, but, under the conditions of this experi- 
ment, has a certain average level about which it fluctuates 
rhythmically. This average height of the curve above the 
base-line of atmospheric pressure may be easily calculated for 
any given period of time, and, when multiplied by 2,^ gives 
an exact measure in mm. Hg. of the average or mean blood- 
pressure. 

* In all accurate U-tube manometers the displacement of the surface of the 
mercury in the two arms is, of course, equal in amount, but opposite in direc- 
tion ; therefore the height of the column is twice as great as the movement in 
the open arm. 



THE MERCURIAL MANOMETER 



. THE ERRORS OF THE MERCURIAL MANOMETER 
-COMPENSATED MANOMETER 
So h(«ivy a liquid as mercury cannot jKissiMy fuUow the 
|, rapid cardiac and respiratory variations in pressure, and it is 
[' to bo emphasized that tho extent of tbeBe on the mauometric 
f trace affords no measure of their actual value. Even for the 
I accurate determination of mt?an pressure, certiiin conditions 
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) necessary, the most important of which is the calibre of 

I the tube. v. Kries' found that a manometer of 4 mm. diam- 

r eter gave readings which did not vary more than three per 

cent, from the actual mean pressure, when the pressure was 

subjected to rapid variation, as in blood-pre»sure experiments. 

He advocated a constriction of the tub© leading from the 

' T. Krisa, Dr, Ueber die BMlimmuiig dw MittelJnictes durch das 
QaKksilberiDanomtiter. Artb. t. Analomie u. Phjsiologie, Pfafsialo^sche 
AbtbeiluDg, 1878, pp. 480 had toUavring tnd p. 440, 
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artery, which almost obUterates the pulse wave m the ma- 
nometer, and Marey ^ constricted the manometer itself at one 
point, calling his instrument a compensated one. Such in- 
struments require five seconds to reach the true level, but then 
give exact readings of mean pressure. 

4. ELASTIC MANOMETERS-MAXIMUM AND 
MINIMUM MANOMETERS 

For most of the purposes of physiological and phannaco- 
logical experiment, a knowledge of the changes in mean 
blood-pressure has been considered sufficient. Attempts have 
been made, however, to study quantitatively the cardiac vari- 
ations by means of elastic manometers of more or less compli- 
cated construction, such as are used to record intracardiac 
changes. Chaveau and Marey, Fick, Hiirthle* and others 
have worked in this field, some using air and some water in 
transmitting the vibrations, and quite a controversial literature 
has grown up over the accuracy of the respective vehicles, so 
that none of their results can be considereil as having absolute 
value. When controlled, however, by readings of maximum 
and minimum pressures during short periods, taken by means 
of mercurial manometers fitted with valves so as to record 
only maximum or minimum pressures, they prolxably give us 
a fair insight into the systolic and diastolic fluctuations of 
bl<Kxl-pressure, and a criterion by which we may judge the 
validity of our clinical approximations. 

These metluxls, all measuring directly the pressure within 
an opened artery, are obviously inapiJicable to the study of 
the subject in man, or even in animals, excei)t under certiiin 
fixed conditions. Their results, however, must always l)e the 
starting-jKjint for any extension of our knowledge. For this 
reason, it seems to mo noc*essary to consider some important 
features of the arterial circulation, as it has been elucidated 
under the simpler conditions of i)hysiological investigation, 
lK>fore turning to the complex i)roblem8 of the indirect estima- 
tion of human bloixl-pressure in health and disease. 

1 Marey. Annales des sciences naturelles. 4* seric, Zoolugie, vol. viii, 1858, 
p. 850. Quoted by Tiperstedt, p. 325. 

* See Tigcrstedt, U. Lehrbuch d. Physiol, des Krcislaufes, Leipzig, 1898, 

pp. sa-89. 
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CHAPTER II 

BLOOD-PRESSURE IN THE NORMAL ANIMAL 

1. GENERAL FEATURES OF THE ARTERIAL 

CIRCULATION 

At the centre of the circulation works the heart, pumping 
the blood from the veins into the great arteries, the ventricles 
first filling, then in a shorter time discharging their contents 
with grejit velocity; then resting to receive the next charge, 
and again to empty themselves, in rhythmic sequence. At the 
periphery, with (^uiet, even flow, the blood-stream in the vast 
capillary areas moves slowly toward the veins, everywhere 
flooding the tissues with nutriment and oxygen. From heart 
to capillaries the blood is carried by the arteries, continually 
branching from the largest trunks to the smallest arterioles, 
and ^vithin their walls this wonderful transformation of an 
intermittent jet into a continuous flow takes place. It is evi- 
dent, then, that they are not mere conducting tubes, like so 
many water pipes, but that they exert a powerful influence 
upon the blood-current. For the better understanding of this 
function of the arteries, and of the causes of the arterial blood- 
pressure, we must turn to certain facts concerning the flow of 
liquid through tubes. 

A. The Flow of Liquid through Tubet. — Since liquids are 
almost incompressible, it is clear that an intermittent flow 
through rigid tubes must always be the same at all points, and 
exactly the same amount must leave the tube as enters it. 
With distensible tubes of elastic material, such as the arterial 
walls, the conditions are different. If the tube be short and 
the calibre large in proportion to the size of the pump used, the 
walls may not be put appreciably on the stretch and an inter- 
mittent flow will occur, much as in a rigid tube. If, however, 

a larger tube be used and the open end narrowed to create a 

9 



10 BLOOD-PRESSURE IN THE NORMAL ANIMAL 



resistance to the outflow, with the first injections little fluid 
will leave the tube, the bulk accumulating within and distend- 
ing it. This, of course, raises the pressure, which in turn in- 
creases the outflow, so that, as the experiment continues, the 
flow gradually increases until a steady stream is delivered, 
which just equals the amount pumped in during the same 




FlO. 2.— DlAORAM ILLOnHATlNO THE FLOW OP LIQUID TIIBOUOU TUBES. 



time. When this point is reached the system is in equilibrium, 
and the amount of distention of the tube and the pressure will 
bear an exact relation to the volume of intake and the size of 
the outlet. 

Such an experiment is shown in Fig. 2. If we connect a 
manometer (A) with the end of the tube we can me^isure the 
Total or End Pressure at that point. If, at some other 
]x>int, a T-cauula (B) bo introduced ^vithout obstructing the 
flow and a manometer (C) connected with it, a pressure will 
Ik* registered slightly lower than the end pressure. This is the 
Lateral Pressure, and is the force exerted on the walls 
of the tul)e at that jxrint. The difference l)etween it and the 
end pressure is due to the fact that the latter contains the 
pressure due to the velocity of the stream in addition. If the 
outlet be ^\'idened or the rate of the pump diminished, the lat- 
eral pressure ^vill l)e seen to fall. Should this be continued 
progressively, a point will be reachoil at which the outflow will 
agiiin iKX'ome intermittent and latenil pressure will only be 
evident at each stn^ke of the pump. 

These exi>eriments pn>ve that two conditions must be pres- 
ent to account for the disapixjiirance of- Ihe j)ulse wave in the 
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normal arterial circulation : they are, the elasticity of the arte- 
rial wall, and resistance to the flow, which we speak of as the 
peripheral resistance. They show in addition that, at any 
given point of the arterial system, the blood must exert a pres- 
sure agamst the arterial wall, which we may measure through 
a T-canula introduced into the artery, and a total pressure, 
which will equal the side pressure plus the velocity of the 
stream, and is recorded when we attach a manometer to a 
straight canula within the artery. As the conunon carotid 
artery leaves the aorta at practically a right angle, the end 
pressure within it gives the lateral pressure within the aorta. 

As the scope of this book does not include the capillary 
and venous circulations, whenever subsequently blood-pressure 
is referred to, it is understood that arterial blood-pressure is 
meant. 

2. THE FACTORS WHICH DETERMINE BLOOD- 
PRESSURE 

In any individual, the blood-pressure at a given moment 
depends upon four separate factors : a. the energy of the 
heart; b. the peripheral resistance; c. the elas- 
ticity of the arterial walls; d. the volume of 
circulating blood. These may all vary under normal 
conditions, and in pathological states become greatly altered. 
Not only do they vary independently of one another, but so 
close is their connection, especially through the vaso-motor and 
cardiac nervous mechanisms, that changes in certain of them 
may produce marked secondary effects upon the others. For 
this reason the necessary conditions of experimental study are 
diflScult and the results conflicting, so that our knowledge, even 
of the normal circulation, is incomplete, and, when it is applied 
to the still more complicated phenomena of disease, is most 
inadequate. Nevertheless, it is of the utmost importance that 
our cUnical concepts and theories be built only upon the firm 
foundation of established fact, even though we might wish the 
foundation more ample. 

A. The Energy of the Heart— That the heart is the original 
source of all the forms of energy which we find manifested in 
the circulation is obvious. The blood-pressure necessarily de- 
pends in the first instance upon the force of ventricular systole. 



^^P Since the work of the heart depends iipou the volume of blood ^^^| 
discharged into the aorta, the velocity imparted to it, and the ^^1 
^^^^^^^^^^^^^^^ aortic pressure overcome, it is 
^^^^^^^^^^^^^^H plain that a in blood- 
^^^^^H^^^^^^^^l pressure may be brtiught about 
^^M ^^^^1 by change in either the 
^^^^^^^^^^^^HHl ume or the velocity 

IllU 1 1 1 'll'I^^^^Bi^Ulflll '^"^ increaeo in thfl^^^f 
UltUlUUl^^H^llUiBVI output th^^^^l 
H|HH|II^^Hi|lid||^^^| causes a ris«^^^H 

^^^■■H^^^^l diminution a fall, if the'^^H 

^^^^^■^■ll^^^^^H retnistanco'^^^l 

^^^^^H^H^^^^^^I unchanged.^^^^l 

^^^^^HH^^^^^^H mcroase may be brought^^^f 

^^^^^HH^^^^^^H three either^^^f 

^^^^^HM^^^^^^H a larger pulBe-vol^^^^H 

^^^^^^^fl^^^^^^H or by a greater numbeio^^^l 

^^^^^^^^^^^^^^H [ler or by^^^f 

^^^^^^^^^^^^1 both The faU of^^H 

Flo. s.— Fall in BLOKUCKKsfliKK M.O- blood -pressure which folIowB^^^^| 

^^1 uicxv av BTtiiLL4Ti-N or Titi piRU'ii- stroug stlmulatioH of the vagi:.^^^| 

^^m BB.I. oiT iNo (ly Till v*Bu». peripherally is produced by ^^^| 

^m T™»f™mdog^«m._tii TeUQidngeur- ^0^^ blowing tbo heart and^H 

^^M decreasing the systolic outputj^^^^H 

^^V and the two most commonly coincide. Such a fall in pressure^ ^^^| 

^V with marked decrease in ventricular output and slowing of ths^^^^l 

heart, is beautifully illuntrafed by a tracing of Porter's ' from.^^^| 

an experiment, in which the diminished cardiac energy fol-^^^^| 

lowed tj-ing off the circumfiex branch of the coronary artery^^^| 

in a dog. ^^^^| 

Rate and volume do not necessarily follow one another,,, ^^^| 

however, for both Woolridge* and Pawlow,' by the stimulation ^^^^J 


1 
1 


' Porter, W. T. Further Researches on the Closure of the Coronary Art»-^^^l 
riM. Journal of Eipcr. Med., 1896, vol. i. p. SI ; also. Amer. Text-Book of ^^H 
Pbysiol., second edition. 1000. vol. i, p. 163. ^^H 

' Woolridge. X^nud. Uebor die Funi^lioa der Kammemerven des SaQge- ^^^1 

1883. p. &87. ^^B 
* Pawlow, 1. P. Ueber dei> Einfluss dee Vagiu auf die Arbeit dei UnkeB^^^H 
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I of certain augmeiitiir nervo braiichtjn iit tiogs, obtained increuse 
■ in pulse volume and rise in pressure without chaise in fre- 
t quency. This was probably duo to greater suddenness of con- 
[ traction, allowing a longer diastolic period for the filling of the 
I ventricle. Vice-versa, increased rate does not always raise 
pressure. MiinzeP demonstrated this most clearly. Having 
1 first severed the spinal cord to eliminate all vaso-motor influ- 
ences, he stimulated the accelerator nerve and, in spite of the 
I extreme rise in rate, the change in pressure was insignificant. 
1 For greater frequency to raise pressure there 
I must be a targe amount of blood in the great 
veins awaiting entrance to the heart, and a suf- 
ficient peripheral resistance. O. Frank' holds that, 
under normal conditions, pure rate variation (excluding any 
dynamic change in the heart) has such a relation to volume 
output, that the latter is greatest at a moderate rate, and 
hence, this gives the highest blood-pressure; that a change 
' either way results in lower pressure; hut within reasonable 
limits, difference in rate has slight effect on pressure. 

The relation between cardiac energy and blood-pressure is a 
double one, however, and variations in the latter have a con- 
siderable influence on the heart. In the normal animal the 
pulse rate is slowed by raising arterial pressure, and hastened 
by lowering it, aw Marey* first proved. Since this does not 
as a rule occur after division of the vagi, it is evidently due to 
action on the vagus centre, the more so, since the majority of 
observers agree that variations in pressure have, of themselves, 
little effect on the isolated heart. * This action is in part reflex, 
in part direct. 



Uerzkammer. 
lSe7. p. 4S3. 



Arch. t. Anatoinio u. PbyBiologie, Abtheilung I. Physiologie, 



' MQniel, E. Pulsfolge nnd BluUlniek iiaeh der Durehschneidungder Nerri 
Vigi. Arch. f. Anatomio n. Physiologie. Phyaiol. A bt lid lung. 1887, p. 181. 

* Prank, O. KinBassder Ilaa&gkeit des Ucr;^Bcb luges aut ilen Blutdruck. 
Zeitschr. f. Biol., 1901, vol. iiiii, p. 1. 

' Msrcy. I. Recbercties sur le pouls ui tnoyen d'lin noiivel appareil enre- 
gistrenr le Sphygmogruph. Comptes Hindus des Sfance ot Meinoires de la 
Bocift£deBioIogie. 18Se,p. 801 and Tolloning. ('om pare also. Loi qui preside ft 
la frfqaence den battements du recur. Complcs Rcndus Ilebdornadftires des 
SAances de TAcademie dps Sciences. 18G1, vol. Iviii, pp. 9S-D8. La circulation 
du sang lb I'ftat phyaiologtque et dans lea maladieB. Paris. 1881. pp. 384-310. 

* Tigeretedt, Lehrbnch, pp. 290-298. 
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The reflex reaches the vagus centre by way of the most 
important centripetal nerve of the heart, the depressor nerve. 
This nerve, which exists as a separate anatomical structure in 
various warm-blooded animals, and whose homologue has been 
traced in man, has its endings in the ventricular wall and its 
central connections through the vagus. If it be divided, no 
change in heart action or blood-pressure normally follows; * and 
the same holds true if its peripheral end be stimulated. It is 
therefore wholly centripetal, and possesses no tonus. If, on 
the other hand, its central cut end be stimulated, a marked fall 
in blood-pressure and slowing of the heart follow. The former, 
as we shall see subsequently, is due to an inhibition of the vaso- 
motor centre. The latter, since it never occurs after division 
of the vagi, must be dependent on stimulation of the centre for 
these nerves. In the depressor nerve, then, the 
heart possesses a protective mechanism of the 
first importance, by means of which it is able to 
shield itself automatically from the overwork 
entailed by continued high blood-pressure. Under 
ordinary life conditions the nerve is probably put in action 
through the stimulation of its endings by the abnormal tension 
of the ventricular wall, which high pressure causes. 

The direct action of high arterial pressure upon the vagus 
centre was demonstrated by Franck,* who isolated the brain 
from the rest of the body of a dog, leaving only the vagi intact. 
Through the severed carotids he kept up an artificial circulation, 
and whenever he increased the pressure within them the heart- 
beat became slower. The same effect has been produced by 
increasing intracranial pressure through a trephine opening 
(Ley den),' and the fact has important cUnical bearings. 

The effect of the blood-pressure upon the volume output of 
the ventricle is a complicated one and observations on it do not 
show uniform results. The output depends largely upon the 

' Ludwig u. Cyon. Ber. d. sSchsischen Gesellsch. d. Wiss., math. phys. CI., 
1866, p. 319. Quoted by Tigerstedt, Lehrbuch, p. 280. 

• Franck. Traveaux du laboratoire de Marey, 1877, vol. iii, pp. 276 and 
following. 

• Leyden, E. Beitrftge iind Untersnchungen zur Physiologic and Pathologie 
des Gehirns. Arch. f. pathol. Anat. u. Physiol, u. f. klin. Med., 1866, voL 
xxzvii, p. 550. 
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amount of blood brought to the heart by the great veins/ and 
in this way abdominal massage produces a rise in blood-pres- 
sure; but with a high peripheral resistance the heart will not 
empty itself of the increased volume and the rise will be 
absent.* Plethysmographic studies by Roy and Adami,* and 
others, show an increasing quantity of blood remaining in the 
ventricle after systole, at high pressure, even though the volimie 
output maybe increased. There is, therefore, a limit 
to the reserve force of the heart, so that, if the 
peripheral resistance be too much increased, the 
volume output of the ventricle will diminish. 
This, as well as the reflex depressor mechanism, set an upper 
limit to the blood-pressure, beyond which no increase in periph- 
eral resistance or total blood- volume can augment it. 

Marked lowering of blood-pressure, especially of the degree 
obtained after section of the splanchnic nerves or spinal cord, by 
diminishing the amount of blood returned to the heart, has a 
considerable indirect effect on the cardiac energy. O. Frank* 
showed plainly in the isolated frog's heart, that when the fill- 
ing of the ventricle is much decreased the energy of contrac- 
tion is conspicuously less. This in turn will produce a still 
further fall in pressure, and hasten the death, which, we shall 
see later, follows complete vaso-motor paralysis. 

In this connection, the effect on blood-pressure of increasing 
the intra-abdominal pressure may be mentioned. It has been 
investigated most recently by Quirin,* who, like previous 
observers, finds that, up to a certain point, increasing abdomi- 
nal pressure raises the arterial pressure. Beyond this point it 
causes a fall in blood-pressure, which will finally lead to death 



> Howell and Donaldson. Philosophical Transactions, 1884, pp. 152-164. 
Quoted by Tigerstedt, Lehrbuch, p. 297. 

• Tigerstedt, Robert. Studien tlber die Blutverteilung im KOrper. Skandi- 
navisfhes Arch. f. Physiol., 1891-92, vol. iii, pp. 207-219. 

• Roy, Professor, and Adami, I. G. Remarks on Failure of the Heart from 
Overstrain. Brit. Mod. Jour., 1888, vol. ii, pp. 321 and following. 

* Frank, 0. Zur Dynamik des Herzmuskels. Zeitschr. f. Biologic, 1895, 
vol. xxxii, p. 370, and Isometric und Isotonic des Herzmuskels. Zeitschr. f. 
Biologic, 1901, vol. xli, p. 14. 

* Quirin, Alexander. Ueber das Verhalten des normalen und pathologisch 
gesteigertcn intraabdominalen Druckes und seine Rflckwirkung auf die arteri- 
elle Blutcirculation. Deutsch. Arch. f. klin. Med., 1901, vol. Ixxi, p. 79. 
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of the animal, if compre&sion of the abdomen be continued. 
The explanation of the primary rise is unquestionably the 
emptying of the contents of the abdominal veins into the right 
heart, followed by increasing resistance due to compression of 
the abdominal arteries. When this becomes too great, the 
heart, which at the same time receives a diminished amount of 
blood from the veins, exhausts its reserve force, and the blood- 
pressure rapidly falls imtil the heart ceases to beat. 

B. The Peripheral Besistanee. — In the simple experiment 
with a distensible tube, it is plain that narrowing the outlet, 
other conditions remaining imchanged, causes a rise in pres- 
sure within the tube. The same holds equally for the arterial 
system. Increased resistance and higher pres- 
sure, diminished resistance and lower pressure, 
are invariable, unless some counterbalancing 
change in the force of the heart occurs. 

Since normally there e^^ists a considerable pressure within 
the arteries, there must be a well-marked resistance as its 
cause. A small part of this is due to friction, dependent on 
the viscosity of the blood and the continual branching of the 
arterial tree into smaller and smaller subdivisions. The really 
effectual cause, however, is the so-called tonus of the blood- 
vessels, the state of partial contraction which the unstriped 
muscle of their walls maintains continuously during health. 
From the standpoint of the blood-pressure and its variations, 
the vaso-motor mechanisms are by far the most important 
facts in circulatory physiology, and should be carefully studied 
by all who attempt the interpretation and clinical use of blood- 
pressure determinations. Our knowledge wo owe to many in- 
vestigators, beginning with Henle, Claude Bernard, Brown - 
Sequard and Schiff. Only the most important facts for the 
clinician, among the vast number which have been accumu- 
lated in this field, can be touched on here. 

All blood-vessels which contain any muscle 
fibre possess tonus; that is, not only the ar- 
teries, but also the veins. This has been proved by 
Mall * for the portal vein. He compressed the aorta high up 

* Mall, F. Der Einfluss des Systems der V'enap |M>rtiP auf die Verteilung 
des Blutes. Arch. f. Anat. u. Physiol. Physiol. Abth., 1892, pp. 418 and fol- 
lowing. 
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so as to cut off the abdominal circulation, and then, on stimu- 
lation of a splanchnic nerve, observed visible contraction of 
the portal vein, which emptied its contents into the liver, v. 
Bezold and Gscheidlen ^ noted the same for the general circu- 
lation, by stimulating the spinal cord after the heart had 
ceased to beat. 

Under normal conditions the tone of the ves- 
sels depends on the balance between the oppos- 
ing action of two sets of nerves, vaso-constric- 
tor and vaso-dilator. The existence and course of these 
nerves has been demonstrated for practically every organ and 
portion of the body, the brain excepted.* The constrictor 
nerves are the more important for the general, if not for the 
local, circulation. Their tonus is derived in the first instance 
from the vaso-constrictor centre, situated in the upper part of 
the medulla oblongata. Section of the medulla below the 
centre is followed by dilatation of all the arteries of the body 
and great fall in blood-pressure. If the peripheral cut end be 
stimulated, a rise in pressure occurs, which may reach the ex- 
treme height of seven times the previously existing figure. 
That this is due to a general constriction of the peripheral 
arteries was made certain by Ludwig and Thiry,* and by 
Goltz, * who obtained the same rise after section of all the car- 
diac nerves; v. Bezold,^ who first performed the experiment, 
having considered it due to accompanying increased heart- 
action. 

This bulbar centre is not the only one, however, for, after 
section of the cervical cord, the arteries may in time recover 
their tone. Other centres are therefore present in the lower 

^ Y. Bezold, A., and Gscheidlen, Rich. Von der Ix>comotion des Blutes 
durch die glatten Muskeln der GefSsse. Untersuchungen aus dem physiol. 
Lab. in WUrzburg, 1867, pp. 355 and following. 

» Hill, Leonard. The Cerebral Circulation. Ijondon, 1896. 

•Ludwig und Thiry. Sitzungsber. d. kais. Aka<l. d. Wissenscb., math, 
naturw. CI., 1864, vol. xlix, Abth. 2, pp. 421-454. Quoted by Tigerstedt, Lehr- 
buch, p. 542. 

* Goltz, Fr. Ueber den Tonus der Gcffisse und seine Bedeutung fOr die 
Blutbewegung. Arch. f. pathol. Anatomic u. Physiologic und f. klin. Med., 
1864, vol. xxix, pp. 394-432. 

* V. Bezold, Albert. Untersuchungen Qber die Innervation des Herzens, 
1863, 2te Abt., pp. 219 and following. 
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neurons. If, instead of simply cutting the cord, it be de- 
stroyed throughout its whole length, the vessels never recover 
their tone, the blood all collects in the veins, the heart-beat 
becomes progressively weaker, and death ensues.^ (Compare 
page 15, this chapter.) Such an experiment proves conclu- 
sively that the vaso-motor tone is an ^.bsolute ne- 
cessity for the maintenance of the circulation, 
that of the veins equally with the arteries; only 
by the existence of it is an adaptation of the 
total vascular stream-bed to the blood-volume 
possible. Its absence is followed by stagnation 
of the blood in the veins and eventual failure of 
the heart, because no blood is brought to it. It 
also demonstrates the existence, below the bulbar, of spinal 
vaso-motof centres, which are of the first importance. In the 
study of the local, not the general, circulation, lower centres 
have been found, which are very probably in the sympathetic 
gangUa. Their existence is evidenced by the return of tone in 
the vessels of the dog's legs a number of days after destruction 
of the lumbar cord, which contains the spipal centres for the 
lower extremity ; * also by the gradual recover}^ of tone in iso- 
lated arteries all of whose vaso-motor nerves have been sev- 
ered. • These peripheral centres are important as explaining 
the probable mechanism of the action of the vaso-dilator 
nerves, and for the vascular reflexes; but, as already said, 
they cannot suffice for the recovery of general vaso-motor tone 
throughout the body after destruction of the cord. 

The vaso-dilator nerve-fibres possess no 
tonus, and section of them causes no narrowing of the cor- 
responding arteries. They have not, therefore, the vital sig- 
nificance of the vaso-constrictors. For the adjustment of the 
local circulation to the demands made upon it, especially in 
relation to the blood-supply of secreting glands, they are of 

• Goltz, Fr. Ueber den Tonus der Oefftsse und seine Bedeutung filr die 
Blutbewegung. Arch. f. i>athol. Anatomic u. Physiologie und f. klin. Med., 
1864, vol. xxix, p. 422. Ueber die Functioncn des Ijendenmarks des Ilundes. 
Arch. f. d. gcsam. Physiol, d. Menschen u. d. Thiere, 1874, vol. viii, pp. 485 
and following. 

• Ooltz, Fr., und Ewald, 0. R. Der Ilund mit verkQrztem RQckenmark. 
Arch. f. d. gesam. Physiol., 1896, vol. Ixiv, p. 397. 

• Tigerstedt, Jjchrbuch, p. 513. 
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great use. In this way their attivity affects the general blood- 
pressure. Their first absolute demonstration was in the chorda 
tympani nerve by Claude Bernard,' and the extent of their in- 
fluence may be judged from the fact that, in his experiment, 
their stimulation incretu^ed the blood stream in the vein lead- 
ing from the Riibmaxillary gland from 5 c.c. in sixty-five 
seconds to 5 c.c. in fiTteen seconds, and the flow pulsated as 
from an open artery. 

Anatomically, constrictor and dilator fibres are frequently 
found in the same nerve, as, for instance, the splanchnic. 
When thus assot^iated they are distinguished hy their different 
reaction to olectrical stimulation, the dilators being affected by 
currents of weaker strength, and shocks in slower rhythm ; they 
also respond less quickly, but continue longer in action. The 
vaso-dilator centres are not thoroughly known, but exist at 
least in tke spinal cord. 

The vaso- motor tone in particular vascular 
areas varies constantly in response to local 
needs. This is a physiological necessity, since increased 
function of a part must always be accompanied hy increased 
hlood-flow. it can be observed most easily in muscles, and in 
glands, secretion being attended by a verj' great increase in 
the amount of blood passing through their vessels. This, of 
course, is pr()vided by a dilatation of the arteries thi-oughout 
tlie gland. Such a general dilatation of the small arteries in 
any vascular area causes a fall in lateral pressure in the main 
artery supplying it. If the area be of sufiicient extent, and is 
not compensated for by vaso-constriction in other vascular 
districts, a fall in mean aortic blood -pressure follows. On the 
other hand, the total end pressure in the smaller 
arteries is increased by their dilatation, since 
less energy is lost in overcoming friction central to them, 
and, what is most important, when certain chnical methods 
are considered, the maximum systolic pressure 
rises markedly. That this must be so is obvious from 
Bernard's experiment, in which the pulse, ordinarily imper- 
ceptible in ' the smallest arteries, became evident even in the 

' Demard, CUuile. Leijuns sur lea liquiUes lio rorganisme. Paris. 1859, 
to), i, pp. 310-311 ; vol, ii, p. 275, Quoted b; Tigereledl, Lehrbuch, pp. 494 
and SOB. 
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vein. The niccbaiiism by which this variation in vascular 
tonus is brought about ia a reflex one, either constrictor or 
dilator action being stiuiiilateil or iuhibitetl, in response to a 
stimulus reaching the local, spinal, or bulbar centreB along a 
centripetal nerve. 

Vaso-motor tone, both local and general, is 
markedly affected by reflexes of remote origin. 
These vascular reflexes are 
of great signiflcauce for the 
general blood-pressure, a s 
well as for the distribution of 
the Wood, and have been ex- 
tensively studied. Thuy may 
be provoked by the stimuta- 
I tion of any afferent nerve. 
The only such nerve in the 
entire body, stimulation of 
which invariably lowers 
blood -pressure, is the depres- 
sor nerve. The fall, in tluH 
case, is due chiefly to a dilatii- 
tion of the splanchnic ves- 
sels ; but not wholly, for some 
lowering occurs after section 
of the splanchnic nerves. 

With this single excep- 
tion, stimulation of any cen- 
tripetal nerve as a rule raises 
blood-prossure. This is easily 
shown on stimulation uf the 
central cut end of the sciatic, 
anterior crural, or other largo 
nerve trunk, and similar re- 
flexes occur on irritation of 
parts of the cerebral cortex. 
The sensory nerves, however, contain some depressor flbres, for 
Howell ' has shown that, if the sciatic is cooled to 0° C. central 

' Howell, Buiigett. and Leonard. The Effect of Stinndalion and o( Changes 

in Temperature upon Lhe Irritabilitj and Conductivitj of Nerre Fibres. Jour. 

Lrf Phjsiol., 1894, voL xvl, p. 388. 
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to the point of stimulation, a fall in pressure replaces the ordi- 
nary rise. Similarly, Hunt ^ found, that, in the early period of 
regeneration of the cut sciatic, only reflex vaso-dilatation fol- 
lows stimulation, the reflex constriction being obtained later, 
when the nerve has been more completely repaired. Mechan- 
ical stimulation of the skeletal muscles, and of the mucous 
membrane of rectum and vagina, commonly results in a fall in 
pressure.* According to Porter,' this happens more readily 
when the animal is under ether, chloroform, or chloral, than 
under curare. This has a clinical bearing in relation to sur- 
gical shock, a condition in which depressor reflexes take the 
place of the normal pressor ones. 

In reflex rises of pressure, the largest factor is vaso-constric- 
tion in the splanchnic area, though other vessels participate. 
With the exception of the brain vessels, in which vaso-motor 
changes have not been proven, the arteries of the muscles show 
the smallest reflex variation. 

Of all the parts of the vascular system, the 
abdominal vessels, innervated by the splanch- 
nic nerves, have by far the greatest effect on 
general blood-pressure. This is one of the most essen- 
tial facts to bear in mind clinically. The extent to which sec- 
tion of the splanchnic nerves lowers the mean aortic pressure 
varies somewhat in different animals; in rabbits it almost 
ecjuals section of the cervical spinal cord, while in the dog and 
cat it is less extreme. In all cases, however, and undoubtedly 
in man as well, the chief control of general blood-pressure is 
lodged here. One reason for this may be found in the size of 
this vascular area, which includes the portal vein and its 
branches, and is large enough to contain almost the whole 
blood- volume of the body. A second reason is the fact that of 
all the vaso-motor nerves, the splanchnics are the most easily 
affected by reflexes from any sensory nerve.* 

The proof of their importance was furnished first by Ludwig 



' Hunt. The Fall of Blood- Pressure Resulting from the Stimulation of 
Afferent Nerves. Jour, of Physiol., 1895, vol. iviii, p. 381. 
« Tigerstedt, Lchrbuch, pp. 528, 529. 

• Porter, W. T. Amer. Text-Book of Physiol., second edition, 1900, vol. i, 
p. 203. 

* Tigerstedt, Lehrbuch, p. 520. 
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and Cyon,* and by v. Bezold and Bever.* The former found 
that, after section of one nerve, the aortic pressure sank about 
30 to 50 mm. ; if the second were then cut, a further fall of 8 
to 10 nmi. was obtained. The latter observed practically the 
same lowering of pressure after section of both splanchnics in 
the thorax, as after division of the cord high up. When one 
considers that section of the cervical sympathetic, which in- 
nervates all the vessels of the head, exerts no material influence 
on aortic pressure, these facts become sufficiently striking. 
That the greater splanchnic nerves are not the sole vaso-motor 
supply for the abdominal organs, has been proved by Asp,* 
who found, after their division, a return of blood-pressure to 
its normal level in eleven or twelve days. This double inner- 
vation holds good for most arteries and in no wise detracts 
from the fundamental importance of the vessels of the abdom- 
inal viscera, as the main source of the normal peripheral 
resistance. 

An equally striking demonstration that the intact splanch- 
nic circulation can compensate for the most extreme narrowing 
of the rest of the arterial tree was furnished by the experiments 
of V. Bezold,* and of Ludwig and Thiry,* which have been fre- 
quently corroborated since. The former showed that, in an 
animal with severed cervical cord, ligature of the abdominal 
aorta itself, just below the renal arteries, had practically no 
effect on the carotid pressure, or on the frequency and force of 
the heart. The latter, under similar conditions, found a strik- 
ing rise on ligature of the aorta above the diaphragm, that is, 
above the origin of the splanchnic vessels. These observations 
are of fundamental importance in the interpretation of the 
effects of arterio-sclerosis on the heart. 

' Ludwig und Cyon. Bericht der sSchsischen Gesellsoh. der Wissenschaften, 
math. phys. Ch, 1866. p. 315. Quoted by Tigerstedt, Lehrbuch, p. 488. • 

• Bever, Carl, und v. Bezold, A. Von den Wirkungen der Nervi splanch- 
nicbi auf den Blutdruek im Aortensysteme. Untersuch. aus dem physiolog. 
Lab. in WUrzburg, vol. i, 1867, pp. 314-325. 

• Asp. Bericht der sftch. Gesellsch. der Wissensch., math. phys. CL, 1867, 
pp. 141, 142. Quoted by Tigerstedt, Lehrbuch, p. 491. 

* V. Bezold, A. Untersuchungen tlbcr die Innervation des Herzcns, Leipzig, 
1863, pp. 223-229. 

* Ijudwig und Thiry. Sitzungsber. d. kais. Akad. d. Wiss., math, naturw. 
CI., 1864, vol. xlix, 2, p. 442. 
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Finally, it must be remembered that, in reflex raising 
or lowering of blood-pressure, all the arteries 
of the body are not contracted or dilated at the 
same time. In general there seems to be an antagonism 
between the vessels of the internal organs and those of the skin 
and muscles, so that the one set will be more or less widened 
when the other becomes narrowed. This, however, is by no 
means invariable, and, under certain circumstances, both may 
be constricted together.^ 

C. The Elasticity of the Arterial WalL— Were it not for the 
distensibility of the arteries, the work of the heart would be 
many times greater than it is. Each systole would then have 
to propel the total blood-column, and, during the period of 
active ventricular contraction, displace into the capillaries an 
amount equal to that injected into the aorta. The systolic 
blood-pressure would then be extreme, the diastolic practically 
zero, and the flow intermittent. The elastic arterial wall is a 
mechanical device of great importance. In it during systole a 
large part of the energy of the ventricles is made potential, to 
be utilized in moving the blood during diastole, thus converting 
an intermittent into a continuous propelling force, and distrib- 
uting the heart's work over more than twice the time of its 
actual muscular contraction. 

The elasticity of the arteries is very perfect; that is, they 
may be much distended by pressure and subsequently resume 
their original size. In the terminology of physics they possess 
wide limits of elasticity, as does india-rubber. It is this prop- 
erty of elastic distensibility which is important. They also 
possess coefficients of elasticity, which are more than ample to 
enable them to endure, without breach of continuity, any pres- 
sure they may ever be subjected to during Ufe. Grehant and 
Quinquard * found that the carotid of a dog could stand a pres- 
sure twenty times greater than the normal blood-pressure with- 
out tearing. For the human carotid the lowest pressure at 
which rupture occurred was 1.29 m. of mercury, at least eight 
times ordinary carotid pressure. It is therefore safe to assume 

* Tigerstedt, Lehrbuch, p. 529. 

• Grehant, N., et Quinquard, H. Mesure de la pression ndcessaire pour 
determiner la rupture des vaisseauz sanguins. Jour. d. TAnat. ct de la Physiol, 
normal et pathol. de Thomme et des animaux, 1885, toI. xxi, pp. 287, 207. 
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[ that a healthy artery cannot be torn by any increase in blood- 
"essure which is possible during life. 
Even under physiological conditions, however, the limits of 
, elasticity o£ the arteries are not constant, but vary with the 
internal tension to which they are siibjerted. The exact man- 
ner in which the change occurs is somewhat in dispute, Roy's,' 
and Zwaardemaker's * experiments having shown the greatest 
L elasticity at about the lower limit of normal blood-pressure for 
I the aiumal, the elasticity decreasing at higher and lower pree- 
l.sures; Marey,' and Thoma and Kaefer,* on the other hand, 
1 finding the maximum in the unstrctched artery, and a pn^res- 
L eive loss of elasticity the higher the absolute pressure was 
■ raised. At least one fact is secure; at a high arterial 
jpressure the distensibility of the arteries is 
(distinctly diminished, and any increase in the 
leyBtolie pulse-volume must raise the blood- 
Cpressuro far more than a corresponding increase 
I at lower pressures. Not only is this true as regiirds 
mean blood-pressure, but still more so when we consider sys- 
itolic pressure, as will be seen in the study of certain morbid 
. That, under these circumstances in the normal animal, 
I the ventricle does not empty itself completely is probable; but 
in certain pathological conditions, iu which high tension and a 
hj-pertrophied ventricle coincide, this dimimshing arterial dis- 
tensibility, and consequent increase in the systolic elevation of 
pressure, should be borne in mind. 

D. The Tolotne of Circulating Blood.— Tlie most conspicuous 
fact about the total blood- volume is its smalliiess, when compared 
to the full cubic capacity of the arteries, capillaries, and veins 
combined. This disproportion is compensated for. in the normal 
animal, by the continuous contraction of the smaller arteries, 



Properties of the Arterial Wftll. Jour, of 



' Roj. ChMles S. Tho Elastit 
Physiol., 1881. voi. iii, p. m. 

' Zwaarde maker. Dr. Over ile Nitzctling lier Slagaderen voor dan BloeilB- 
drulc NederlanJBch Tijdsehrifl voor Geneeakiinde, Tweede Roeks, 1888, vol. 
Xlir.i.pp, 61-78. 

* Marey. Travaux du laboratoiro de M. Marey, 1B80, toI. iv, pp, 178 and 
following. 

• Thoino, R., iind Kaefer, N. Uebor die Elaativjt£t geGundcr und kranker 
Arterien. Arch. I. pathol. Anat. u. Physiol, u. f. klJD. Med., 188B, toL civi, 
pp. 9 aod following. 
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which we have studied as the vaso-motor tone. Hence, as we 
have seen, when this tonus is wholly abolished by destruction 
of the spinal cord, the blood- volume is insufficient to fill all the 
vessels, and is rapidly forced out of the arteries into the veins 
until death ensues, the animal practically bleeding to death 
into its own veins. 

As a factor in the control of the blood-pressure it is of less 
importance than the foregoing, chiefly because its variations 
are so easily compensated for. That death from haemorrhage 
is attended by a fall in the blood-pressure is obvious. Under 
normal conditions, however, the abstraction of considerable 
amounts of blood causes a temporary fall in pressure, soon fol- 
lowed by a rise to near the former point. Tappeiner * found 
that one-fifth of the total blood-volume could be lost, and, 
within a short time, the pressure again reach a height sufficient 
to support life. The chief mechanism by which this is brought 
about is, of course, the increase of peripheral resistance through 
vaso-constriction. It is well known, though, that after severe 
haemorrhage the kidneys secrete little urine, and Langley* 
has shown the same effect upon the salivary glands. It is also 
possible that the tissues return more fluid, and the liver more 
of its blood, to the general circulation. The heart's rate in- 
creases greatly with loss of blood, and it may be supposed to 
empty itself as completely as possible, so that really great 
losses (up to two-fifths of the total blood- volume) may aflfect 
mean blood-pressure surprisingly little. 

On the other hand, Worm-Miiller' has shown that an 
amount of fluid greater than the total blood-volume of the 
body can be transfused into the vessels, without increasing 
the blood-pressure above a point which it frequently reaches 
under ordinary conditions. Pawlow,* in the same way, was 
able to feed a dog enormous quantities of bouillon without any 
rise in pressure. In such experiments, part of the excess vol- 

' Tappeiner. Bericht der sAchs. Qesellsch. der Wissensch., math. phys. 
Classe, 1872, pp. 199 and following. Quoted by Tigerstedt, Lehrbuch, p. 845. 

' Langley. Philosophical Transactions, 1889, vol. clxxx B, p. 128. Quoted 
by Tigerstedt, Lehrbuch, p. 350. 

* Worm-MQlIer. Bericht der s&ch. Gesellsch. der Wissensch., math. phys. 
Classe, 1878, pp. 573-604. Quoted by Tigerstedt, Lehrbuch, p. 845. 

* Pawlow, Joh. Zur Lehre fiber die Innervation der Blutbahn. Arch. f. d. 
gesam. Physiologie d. Menschen u. d. Thiere, 1879, vol. xx, pp. 28, 24. 
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I. tune is removed from the circulation by the secreting orgiiua, 
I especially the kidney, and part by increased transudation into 
J the lytnph spaces and serous cavities ; the remainder is accom- 
modated by the vessels, which dilate, either through a direct 
vascular reHex, or in response to a reflex from the heart by the 
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depressor nerve. Under certain circumstances, such as too 
rapid infusion, the heart may empty itself less completely 
(Johannson and Tigerstedt).' 

■ Johannson, J. E., uiid TigerBtedt, Robert Uobor die gegenBeitJgen Bczieh- 
ungen iles Her/ens und der Gefitese. SkandinnviscboE Arch, t, PhjBiol., 1889, 
L i, p. 887. 
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Therefore, within certain wide limits, the 
volume of circulating blood has, in the normal 
animal, only a subordinate and temporary in- 
fluence on mean blood-pressure. 

It is evident that the regulating influences, which prevent 
excessive increase of the quantity of circulating fluid, will not 
be operative when that quantity has been abnormally reduced. 
Thus the transfusion of blood, or the infusion of normal saUne 
solution into the veins, after profuse haemorrhage, brings about 
a prompt rise in pressure. Dawson * has shown recently that, 
if the solution contain 0.25 per cent, sodium bicarbonate in 
addition to 0.8 per cent, of chloride, both the systoUc and dia- 
stoUc pressures will be higher than when saline alone is used. 

Since our cUnical methods measure systolic or diastoUc, but 
never mean pressure, we must bear in mind that the rise in 
frequency of the heart-beat, which is one of the greatest com- 
pensating factors after haemorrhage, must be attended with 
diminished systolic pulse-volume. This necessarily leads to 
decrease in systolic and diastolic variation in pressure. If the 
mean pressure remains unchanged, systolic pressure must fall 
and diastolic rise. Experiment XII, in the work of Howell 
and Brush, given on page 34 of this chapter, demonstrates 
this. A fall in mean blood-pressure during haem- 
orrhage will not be accurately measured by the 
change in systolic or diastolic pressure, but 
will be magnified by the former and minimized 
by the latter. 

3. THE MEAN AORTIC BLOOD-PRESSURE IN 

DIFFERENT ANIMALS 

No fact regarding the blood-pressure is better established 
than its wide range of variation in any individual. It is there- 
fore impossible to speak of a normal value for blood-pressure, 
but only of certain normal upper and lower limits. In con- 
sequence it is diflScult to compare the values found in different 
species, except as rough averages. There have been few 

* Dawson, Percy M. Effect of Intravenous Infusion of Sodium Bicarbonate 
after Severe Haemorrhage. Am. Journ. of Physiol., 1904, vol. x. Proceed, of 
Am. Physiol. Soc., p. xxxvi. 
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studies on this question, but the following table, copied from 
Volkmann,* illustrates the usual figures sufiiciently well. 



ADimal Species. 



Blooil-Prcssure 
in nun. 
of Mercury. 

Horse 321 

Horse 214 

Sheep 206 

Calf 177 

Ijarge Dog 172 



Sheep, 
Dog.. 
Calf.. 
Dog.. 
Sheep. 
Calf . . 



169 

166 

165 

157 

156 

153 

Horse 150 



Aoimal Species. 



Blood-Pressure 
in mm. 
of Mercury. 

Cat 150 

Dog 143 

Goat (female) 135 

Calf 133 

Large Dog 123 

Horse, old and thin 122 

Small Goat (male) 118 

Horse, old 110 

Rabbit 108 

Dog, young 104 

Sheep, old 98 

Kabbit 90 



Volkmann concluded from these that the size of the animal 
does not determine the height of the blood-pressure, a decision 
which seems only partially justified, the horse, except for two 
old animfils, showing only in the upper half of the list, and the 
rabbit among the lowest figures. If we consider the animals 
of medium size, le^iving out the horse and rabbit, we find tJie 
figures lying between 98 mm. and 200 mm., reiidings which we 
shall see later are not very far from those found clinically in 
man. 

As regards the height of blood-pressure in diflFerent individ- 
uals of the same animal species, almost as great variation 
seems to obtain. Crile* recorded the mean carotid pressure, 
under full anaesthesia, in 100 dogs. The highest was 170 mm., 
the lowest 80 mm., the average 125 mm. There was no rela- 
tion between blood-pressure and body-weight. 

A. Direct Determinations of Human Blood-Pressnre. — A few 
observations of this kind have been made in the course of 
amputation, the pressures found in the femoral and brachial 
arteric^s varying between 100 mm. and 100 mm.^' * These 



» Die namodynamik, 1850, pp. 177, 178. 

• Crile, Geo. W. Bloo<l-Pres.sure in Surgery, Phila., 190.3, p. 359. 

• F'aivre, I. fttudes Experimentales sur les Lesions Organiques du Coeur. 
Gaz. Med. d. Paris, 1856, p. 727. 

• Albert E. Einige kymograph ische Messungen am Menschen. Med. Jahr- 
bQcher. Wien, 1883, p. 254. 
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experiments are questionable from the ethical standpoint, and 
the results are useful merely as showing certain possible real 
values for human arterial pressure, not in any way its range. 

4. THE BLOOD-PRESSURE IN DIFFERENT ARTERIES 

Since the various cUnical methods for the estimation of 
blood-pressure deal with arteries as different in calibre and in 
their distance from the heart, as the brachial, radial, digital, 
temporal, and femoral, it is important that we should know 
what changes in pressure occur, as the blood travels from the 
aorta to the periphery. Those unfamiUar with the experimental 
facts might suppose that there is a continuous and more or less 
even fall in pressure from the largest to the smallest arteries. 
Poiseuille,* however, after his first researches, came to the oppo- 
site opinion, and thought that the mean pressure was equal in 
the various arteries and independent of their distance from the 
heart. This is not strictly true, but the striking fact has been 
estabUshed by all subsequent investigation, that the lateral 
pressure in the arteries, of not too small diam- 
eter, diminishes extremely slowly with increas- 
ing distance from the heart, v. Schulten,* for 
instance, found that the maximum pressure in the ophthalmic 
artery was only 2 to 15 mm. below that in the aorta. Some 
experiments of Hiirthle's' with an elastic manometer, which 
are quoted later (see page 33), are equally demonstrative of 
this point. 

In his tables the constancy of diastolic pressure in carotid, 
renal, and femoral arteries is striking. Recent experiments by 
Dawson,* as yet unpublished, showed, for the dog, the greatest 
uniformity in minimum pressure throughout all the larger 

* Poiseuille, J. L. D. Recherches sur la Force du Coeur Aortique. Thesis, 
Paris, 1828, pp. 81 and following. Quoted by Tigerstedt, Lehrbuch, p. 351. 

* ▼. Schulten, M. W. Untersuchungen Qber den Hirndruck, mit besonderer 
RQcksicht auf seine Einwirkung auf die Circulationsverhftltnisse des Auges. 
Arch. f. klin. Chir., 1885, vol. xxiii, p. 463. 

» nurtble, Karl. Ueber den Ursprungsort der sekundRren Wellen der Puls- 
curve. Arch. f. d. gesam. Physiologie d. Menschen u. d. Thiere, 1890, vol. xlvii, 
pp. 32-34. 

* Dawson, Quoted by Erlanger. Am. Journ. of Physiol., 1904, voL x. Pro- 
ceed, of Am. Physiol. Soc., p. xiv. (Experiments to be published in full later.) 
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arteries. The work of Tscbnewaky,' also, though not under- 
taken with reference Ui thie particuhir point, showed in seven 
dogs an average mean pressure in the femoral of 77 mm.; in 
eight d(^ uf similar size the average mean pressure in the 
common carotid was 9i.t> mm. 

Under certain conditions, such as external cold, [leripheral 
arteries like the digital may become much contracted, and the 
pulse- wave in them be lost nearer tlie heart than usual. Under 
such circumstances the lateral pressure in them will fall more 
rapidly than normal, especially the syfltolic pressure. In 
general, though, it may be accepted that no marked fall occurs 
within the arterial system until the smallest Jirteries and arte- 
rioles are reached, for these are the seat of most of the periph- 
eral resistance. Therefore, in the larger systemic 
arteries used for the clinical estimation of 
blood-presBure, the lateral pressure, especially 
the diastolic, closely approximates that within 
the aorta. 

In the lesser circulation, as is well known, much lower 
pressures obtain, since this is true for the right ventricle aa 
compared with the left. The direct estuuation of blood-pres- 
sure in the pulmonary artery i-s very difficult, without prtnluc- 
ing markedly abnormal conditions. The best experiments by 
Bentner,' Lichtheim,* Bradfoni and Dean,' and Knoll,' have 
shown values, as comjtared with aortic pressure, between 
1: 2.G and 1 : 13.4. These were in the rabbit, dog, and cat. In 
all probabihty it does not average more than one-fifth the 
height of mean aortic pressure. 



' TschoowBty, J. A. ITebpr Druck, OeschwiniJigkoit und Widerstand in 
I Btrombahn der Arteria CnrotU nnd Cruralis, etc Arch. f. d. gesam, Physiol., 
icvii, pp. 363 and 370. 

• Bontnor, A. Ueber die Stroin- und DruckkrtfiB dea Blutee in dor Arteria 
und Vona pulmniialia. ZctUchr. f. rat. Med.. 1853, vol. ii, pp. 106, 120. 

■Lichtbeini, Ludwig. Die Stflningen des Liingen Kroislaurea und ihr 
flusH auf den Blutdriiek. Breslttu, 1876. p. 31. Quoted by Tigerstedl, Lcbr- 
i buoh, p. 444. 

• Bradford, I R., and Dean, FI. P. The Innervation of the Pulmonivry 
I Vessels. Proceedings ot the Knjal Soc. ot London, 188B, to!, iIy, p. 370. 

' Knoll, Philipp. Der Blutdruck in dor Arteria Piilmnnslig bei Kaninnhen 
I seine reaiiiratoriaohen Schwankungen. Sitmngsbcr, der kais. Akad. der 
. WiiMuech., math, natiinr. CI.. 1888, rol xcvii, Abtb. iii, pp. 213, 314. 
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The most recent work on this subject, by Tigerstedt,* has 
brought out a number of facts of cUnical interest. He finds, 
for the rabbit, that the maximum pressure in the right ven- 
tricle shows in general, when large pressure variations within 
the thorax are excluded, only slight fluctuation, within 10 mm. 
From individual to individual it differed somewhat, but lay 
between 11 and 25 mm. Even the great narrowing of the 
cross-section of the pulmonary circulation, which was produced 
by opening the left chest and tying off the root of the left 
lung, affected the maximum pressure in the right ventricle 
little or none, and caused no fall of mean aortic pressure. 
One-sided pneumothorax is therefore insuflScient to raise the 
work of the right heart, and the mechanical obstacle to the 
lesser circulation in pneumonia amounts to nothing. He 
proves further, "that no definite relation can be discovered 
between the mean pressure in the greater circulation and the 
maximum pressure in the right ventricle. On the contrary 
the former can vary within very wide limits without any cor- 
responding change in the other." 

6. THE PERIODIC VARIATIONS OF AORTIC ' 

BLOOD-PRESSURE 

As we saw in examining the normal manometric tracing 
(Fig. 1), the blood-pressure is undergoing constant oscillation 
above and below a certain average level. Two sets of these 
fluctuations may be clearly seen in the trace, the more rapid 
cardiac, and the larger respiratory waves. In addition, certain 
longer but slighter rises and falls of the whole curve may be 
indistinctly made out, the so-called Traube-Hering waves. 
These and certain other variations, which are of regular oc- 
currence in physiological experiment, are of great significance 
in the clinical study of bkxxi-pressure and should always be 
in mind. They will be considered in the order of their impor- 
tance. 

A. The Cardiac Variations— Systolic and Diastolic Pressures. — 
Every physician who feels the pulse must appreciate that, at 
the moment the pulse-wave strikes the finger, the pressure 

* Tigerstedt, R. Ucber den Limgenkreislauf. Skandinav. Arch. f. Physiol., 
1903, vol. xiv, pp. 267 and 286. 
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within the artery is raised considerably, falling again after the 
wave has passed. In the peripheral arteries this occurs an 
appreciable time after the systole of the ventricles, but in the 
aorta the maximum and minimum of pressure correspond ex- 
actly with systole and diastole of the heart. We may then 
speak of the highest and lowest pressure in the course of the 
pulse-wave as systolic and diastolic pressure, remembering 
that, the farther we go from the heart, the less synchronous 
these are with the events in the cardiac cycle which produce 
them. Since all of the indirect methods for determining 
blood-pressure cUnically give estimations, more or less accu- 
rate, of either systolic or diastolic, but never of mean pres- 
sure, it is imperative that we should know as much as pos- 
sible of the absolute amount of variation within one cardiac 
cycle. 

Unfortunately, as we have seen, the mercurial manometer 
gives no accurate measure of such rapid fluctuations. For 
this purpose the various forms of elastic manometer have been 
employed, none of them absolutely free from the possibility of 
error due to their own vibrations, but giving valuable results. 
Very few reUable data are available on this question. 
Hiirthle,^ in the dog, investigated the relation of systolic and 
diastolic pressure in different arteries, giving several tables, 
one of which follows : 



PRESSURE VARIATION DURING A PULSE-WAVE IN 


ARTKRY. 


CAROTID. 


RKNAL. 


FKMORAL. 




75-160 
78-158 
76-160 

80-156 
96-166 
94-166 


72-170 

75-165 
72-170 

80-164 
96-178 
96-178 


78-240 
80-235 
80-244 

90-225 
100-228 
100-230 



The pressure variations here recorded are the largest that 
have been observed, averaging over 100 per cent of the dia- 



* llOrthle, K. Uebor den Ursprungsort der sekuncliiren Wellen der Puls- 
curve. Arch. f. d. ges. Physiol., 1890, vol. xlvii, pp. 8^-34. 
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splanchnics. Under normal conditioas, twenty observations 
on dogs gave 

Orvatest difference 08 per eent. of the ili&stolii; pressure. 

SiobI lest difference 17 |«r cent, ot the dia^itolic pressure. 

Avernge difference 33 percent, of the diastolic pressure. 

la man, with his slower heart rate, they believe the differ- 
ence must be greater. They also tabulate (see page :U) some in- 
teresting figures on the relation of systolic, diastolic, and mean 
pressures. From these they draw the following conclusions: 

"1. The mean blood-pressure, as usually determined by 
means of the mercury manometer, corresponds with fair accu- 
racy to the arithmetical mean of the maximum and minimum 
pressures." 

"2. A rise of blood -pressure occasioned by an increased 
heart beat (section of both vagi) affects the diastolic pressure 
to a greater extent than the systolic pressure." 

" 3. A fall of blood-pressure occasioned by vascular dilata- 
tion (section of both splanchnics) affects systolic and diastolic 
pressures equally." 

"4. It is possible for the systolic and diastolic pressures 
to be affected in opposite directions, as seen in Exp. XII. in 
which section of both vagi was intentionally accompanied by 
profuse biemorrhage. In this case the mean pressure re- 
mained unchanged, the diastoUc pressure rising 16 mm. and 
the systoUc pressure falling 15 mm." 

They beheve, even for physiological purposes, that a record 
of systolic and diastolic pressure would be more instructive 
than the ordinary mean pressure. They think their experi- 
ments indicate, so far as they go, that even under extreme 
conditions of cardiac and vascular change, unless accompanied 
by haemorrhage, the general trend of arterial pressure is 
shown either in systolic or diastohc pressure. 

These problems, in the Ught of their great importance to 
clinical sphygmomanometry, deserve careful study. The vari- 
ous attempts Ui solve them by clinical methods I will not con- 
sider here, for thcnr resultts have not absolute value. 

B. The BMpiratory Varistiona. — The relationship of aortic 
blood -pressure to the inspiratory and expiratory acts is too 
complex for full discussion, and is totally different in the nor- 
mal animal and in one in which the thorax has been opened. 
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In the latter, the varying caUbre of the smaller pulmonary 
vessels is the only factor concerned, and the blood-pressure is 
highest in the first half of inspiration and lowest in the first 
half of expiration, because the largest and smallest amounts of 
blood are brought to the left ventricle at these times. In the 
healthy animal, however, breathing spontaneously, there is 
added to this the aspirating force of inspiration for the blood 
in the great veins; the changes in the elastic pull of the lungs 
upon the heart, making systole more difficult and faciUtating 
diastole, and upon the great vessels, alternately widening and 
narrowing them ; and the changes in intra-abdominal pressure, 
influencing the blood-flow to the right heart. Besides all these, 
there are rhythmical variations in the activity of the vagus and 
vaso-motor centres in the medulla, synchronous with, and in 
some way related to, the activity of the respiratory centre. 
Both show a greater tonus during expiration, the heart rate 
becoming slower and the peripheral resistance higher; thus 
their effect upon blood-pressure is antagonistic. 

The result of the interaction of these various condition^, 
some tending to raise and some to lower pressure, depends 
upon the depth and rapidity of respiration. According to 
Tigerstedt,^ during quiet, superficial breathing 
the blood-pressure shows no variations. With 
more forcible and rapid breathing the pressure 
rises during expiration and falls during inspira- 
tion; while with deeper and slower respiration 
the maximum pressure coincides with the begin- 
ning of expiration, the minimum with the be- 
ginning of inspiration. In the latter case the 
pulse frequency is also increased during inspi- 
ration. This summary at once suggests its most important 
clinical application, which is to make ail pressure estimations 
during quiet, unforced breathing. 

C. The Tranbe-Hering Waves. — This name is given to certain 
periodic rises and falls in blood-pressure, which embrace several 
respiratory periods. They were first noted by Traube* and 

* Tigerstedt, Lehrbuch, p. 462. 

• Traube, L. Ueber periodische Tb&tigkeitsftusseruDfren des vasomoto- 
rischen und Hemmungs-Nervensystems. Centralblatt f. d. med. Wissensch., 
1865, vol. iii, p. 882. 
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\ BTO evident in all prolonged pressure observations. According 
I to Knoll ' they correspond, as a rule, with similar rhythmical 
f variations in the depth of respiration, and are therefore, in all 
I probability, due to periodic changes in the tonus of the vaso- 
1 motor and respiratory centres. They must be borne in mind in 
Y all clinical observations, since changes of several milhmeters 
L in pressure, at the least, may be due to thom. 



I e. SPONTANEOUS NON-RHYTHMICAL VARIATIONS 
OF AORTIC BLOOD-PRESSURE 

In many experiments, changes in pressure of moderate ex- 
[ tent are noted from time to time without assignable cause. 
I As we have seen, the vaso-motor centre responds by a vascu- 
I lar reflex upon stimulation of any sensory nerve, and these 
' apparently spontaneous variations in blood-pressure may be 
reflex, or they may be due to changes within the central nerv- 
ous system. One must be warned of their occurrence, as of 
the Traube-Hering waves, in order that they may not be inter- 
preted as proving the success or failure of therapeutic pro- 
(cedurefl. 

7. THE INFLUENCE OF ASPHYXIA ON BLOOD- 
PRESSURE 

If an animal be deprived of oxygen, phenomena ensue 
I" irhich produce the picture we call asphyxia. If the depriva- 
r tion be sudden, as on tying off the trachea, deatli occurs inside 
f of five minutes and is preceded by convulsions. Where suffo- 
[ cation is more gradual, as in a closed chamber, the convul- 
; sions do not appear and life is more prolonged. In addition to 
the motor and respiratory manifestations of dyspnoea, how- 
ever, there is a striking effect upon the vaso-motor and vagus 
centres. In the first stage, during which the respiratory 
centre is stimulated and the breathing is rapid and deep, the 

Ivaao-motor centre in the medulla is also thrown into action 
and a marke<l rise in blimd -pressure occurs. This is accom- 
panied by increasing slowness of the pulse from simultaneous 
S!t£i 



' Knoll, P. Uebsr prriodische Athraungs iitid BlutJruckK'hwi 
I S!t£uDgsber. d. kois. Akad. <1. WUs., niath, naturir. CI. 188S, vol 
418-447. 
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activity of the vagus centre. In the later stages, as the irri-'l 
tabiUty of the respiratory centre becomes exhausted, the other ] 
bulbar centres likewise fail ; then the spinal vaso-motor centres 1 
begin to act and the blood-pressure is maintained at a high 
level, with increasing heart-rate and spasmodic, ineffectual res- 
piratory acts, only to fall during the last seconds of life, 
when the spinal centres have become utterly exhausted.* 
This extreme rise of blood-pressure caused by asphyxia and, 
in a lesser degree, by slighter grades of deficient oxygenation | 
of the blood, is of distinct clinical import, as in the study of j 
arterial pressure in cardiac and lung conditions, laryngeal 1 
diphtheria, etc. 



8. THE INFLUENCE OF ATMOSPHERIC PRESSURE 
ON BLOOD-PRESSURE 

The striking parallelism between the blood- pressure and 
the external pressure to which the body is subjected, has been 
exhaustively studied by Crile,' and his results are of the 
greatest interest in connection with the treatment of surgical 
shock. He has shown in many experiments a rise in pressure , 
in practically all the arteries of the body when the surround- 
ing pressure is increased, in diastolic pressure apparently more 
than systolic. The rise is proportional to the height of the 
external pressure, and occurs equally after division of the cer- 
vical cord. It is therefore a direct mechanical effect, and not 
due to reflex vaso-constrictiou. It is least in the arteries 
within the bony cavities of cranium and thorax. The height 
at which the pressure will be maintained depends only on the 
reserve force of the heart. He observed a corresponding fall 
on diminishing atmospheric pressure. This effect of rarefied 
air was more thoroughly studied by Lazarus and Schirmua- | 
ski,* who found, not only a uniform sinking of carotid pressure 
with the atmospheric pressure, but a continuance of the low 

' A cliBgram itlustniting the effect of asphyxia on the various nerve centres I 
TDB]' be found in Tiferstedt's Lehrbuch der Phrsfologie des Menscben. second I 
edition. l»02.vnl.ii. p. 398. 

' Crile, George W. Blood- pressure in Surgery. Philadelphia, 1903, pp. 
283-286. 

* LazaniB iind Scljirmunski. Ueber die Wirkung des Aufenthalts fn Ver- 
dQnnter Luft ant den Bluldruck. Zeitsohr. f. klin. Med.. 1884, toI. TJi, p. S 



pressure for a time after Qormal conditioris had been restored. 
Only when pronounced muscular twitching occurred did they 
miss the fall. 

Crile'a experiments on the effects of breathing air at dif- 
ferent pressures were inconclusive because too great and sudden 
changes were produced. Bartlett' has investigated the effects 
of breathing rarefied air in rabbits. He finds that the aortic 
pressure falls with that of the inspired air, after a sufficient 
negative pressure has been reached. The point at which the 
drop begins varies, in different iadividuals, between 10 and 15 
mm.jandismarkedatapresaureof —15 to —35 mm. At these 
lower figures the puhnonary circulation is slowed and stagna- 
tion in the capillaries, with lung swelling, occurs. 



G, THE INFLUENCE OF MUSCULAR WORK ON 
BLOOD-PRESSURE 

The conditions of direct manometric measurement are not 
compatible wdth much exertion on the part o£ the animal, and 
little esi>erimental evidence on the subject exists. Marey* 
taught that work lowered pressure, quoting an experiment on 
a horse, in which a run of ten minutes reduced the mean carotid 
pressure from 108 mm. to 102 mm., an insignificant difference. 
For such a fall to occur, vascular dilatation would have to be 
more marked than the increase of cardiac energy. 

Tangl and Zunst ' have succeeded in obtaining trustworthy 
results in a few dogs. These were made to run up steps, and 
the maximum and minimum carotid pressures measured at in- 
tervals. From th(?8e the absolute mean pressure was calculated. 
They found a uniform rise in mean pressure of C to 23 mm. 
Very fast running caused an extreme elevation, in two instances 
from 115 mm. to 235 mm., and from 120 mm, to 242 mm., 
respectively. There seems no reason to question their general 
results, which prove the usual tendency of muscular work to 



' BulIetC. Frederic II. Da the Varmlions ot Qlooti- pressure during the 
BreRthins ot RftreBed Air. Am. Jour, of PhfBiol.. 1003, vol. t, p. 143, 

■ Marey, B. J. La circulation du sang ft I'et&t phfsiologique et dan* les 
matwiiea. Paria. 1B81, p. 848. 

'Tangl. F.. und Zunst, N. Ucberdie EinwirkuDgderMuskelarbeit ftut den 
Blutdruck, Arch, f. d. gesam. Phyuol., 1808, toI. Iix, p. 644. 
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THE INDIRECT MEASUREMENT OF BLOOD-PRESSURE 

1. IntrodnctioiL 

A. The palpation of the pulse. Methods of judging ten- 

sion and their defects. 

B. Sphygmographic methods of estimating blood-pressure. 

C. Other methods which apply pressure through a solid 

block. 

8. The development of sphygmomanometers applying pressure to 
the artery through a fluid medium. 

A. The instrument of v. Basch, determining the pressure 

necessary to obliterate the pulse (systolic pressure), 
and Potaiii^'s modification. 

a. Errors of the v. Basch and Potain sphygmomanometers. 

B. The origin of sphygmomanometers registering maxi- 

mum pulsiition (diastolic pressure). 

a. Marcy's first instrument. IlOrthle*s elaboration. 
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systolic pressure. 

3. The method of circular compression by air (Riva-Rocci. Hill). 

41 



42 INDIRECT MEASUREMENT OF BLOOD-PRESSURE 

4. Ezperimental verifloation of the method of eirenlar oomprenioiL 

A. Influence of the inner wall of the tube, 
a. Influence of faulty adjustment. 

B. Influence of the tissues. 

a. Relation of width of armlet to circumference of limb^ (▼. Reck- 

linghausen.) 

b. Influence of the site of application. 

c. Influence of the vessel wall. 

•d. Influence of muscular contraction, 
e. Influence of oedema. 

C. Conclusions. 

6. Validity of the eeveral criteria. 

A. Of systolic pressure. 

a. The return of the pulse wave under compression. 

b. The return of color to the skin of the blanched finger. 

c. Comparison of systolic pressures in brachial and digital arteries. 

B. Of diastolic pressure. 

a. Maximum pulsation of the arterial wall. 

C. Other criteria, not in clinical use. 



CHAPTER III 
~~THB INDIRECT MEASUREMENT OV BLOOD-PRESSURK 



1. INTRODUCTION 

The impetua which Ludwig's invention of the kymopraphion 
gave to the study of circulatory physiology soon made itself 
felt in the field uf clinical medicine. The introduction of the 
sphygmograph, which could be applied to the living patient, 
enhanced this interest, and the invetstigation of the finer char- 
acters of the pulse seemed about to yield valuable practical 
results. How little it has fulfilled that early hope we know. 
With the sphygmograph, however, came the first attempt to 
measure human blood-pressure, made by K. Vierordt in 1855, 
The distinction between the hard and the soft pulse had been 
made before, but from that day the terms acquired a new sig- 
nificance, and the clinic set itself the task of finding some 
means for assigning them a quantitative value, comparable 
with the results uf the physiological laboratory. The history 
of the successive methods ia a long one, not always free from 
rancor and jealousy, when a cherished instrument has done its 
best service in the unexpected way of suggesting a more perfect 
one; but more and more objective determinations have fol- 
' lowed one another, until to-day the intelligent physician can no 
more afford to dispense with some form of sphygmomanometer, 
in the study of certain types of disease, than he could discard 
the thermometer and trust his trained sense of touch, to detect 
the variations of body temperature in a ca«e of typhoid fever. 
That sphygmomanomefry has the wide range of applicability 
or the importance of clinical thermometry, not even its most 
enthusiastic advocate would claim; but that we now possess 
several instruments, of sufficient accuracy and such ease of 
application, as to make their routine use a necessity for the 
educated and conscientious practitioner, seems to me proven. 
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A. The Palpation of the Pnlae. — ^Methods of Jadging Preasare 
and their Defects. — The maiu ground for such a belief lies in 
the extreme fallaciousness of that time-honored method, the 
palpation of the pulse, as a means of estimating the blood- 
pressure. How erroneous our former judgments were in this 
respect, the use of a sphygmomanometer for a few days will 
convince any one. The reason for it is simple and the cause is, 
from the nature of the method, unavoidable. Two ways of 
estimating the tension of the pulse are in vogue. The first 
consists in compressing the artery with the finger, until the 
pulse can be no longer perceived by a second finger, placed on 
the artery just below. From the considerations on page 10, 
it is plain that this is an attempt to test the systolic end pres- 
sure. The other procedure is, to increase gradually the pres- 
sure of the finger, or better fingers, upon the artery, noting 
the change in the pulse-wave all the while. In pulses of high 
tension, the size of the wave will be felt to increase with in- 
creasing pressure up to a certain point, diminishing only when 
considerable force is used; whereas, with normal or low ten- 
sion, the amplitude of the pulse is reduced with very little ap- 
plication of pressure. In this way a knowledge of the diastolic 
lateral pressure is obtained, for reasons which will be discussed 
fully in connection with the instruments which measure this. 
In many patients, the larger variations in arterial pressure may 
be readily detected by either method, the latter being some- 
what preferable, because less affected by the amount of tissue 
overlying the artery. Both fail, however, in a crucial point. 
Our muscular sense, uj)on which depends our judgment of the 
amount of j)ressure used, takes cognizance only of the total 
amount of force expended, not at all of such a mathematical 
ratio as amount of force to the unit of surface. Were arteries, 
or even radial arteries, all of equal calibre, the two quantities 
would be identical. Unfortimately there are not only wide 
variations in size in different individuals, but, in one and the 
same person, the radial or temporal artery changes in diameter 
markedly under varying local conditions. Since the total 
force exerted is projx)rtional to the extent of surfiice of the 
artery, as well as to the pressure per unit surface within it (by 
Pascal's law), the larger the artery, the higher we shall think 
the pressure. This will be readily appreciated by any one, who 
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will attempt to compare the apparent pressures in the radial 
and in the abdominal aorta, which, in reality, are nearly equal. 
It is also evident that our failure to detect increased pressure by 
the finger will be most unavoidable in the small, so-called wiry 
pulse, which often connotes an extreme grade of high tension. 

B. Sphygmographic Methods of Estimating Blood-pressure. — 
Following Vierordt's* lead, more elaborate adjustments of 
weights in connection with Marey's sphygmograph were made 
by Forster, Landois, and Behier. Even as recently as 1897, 
Philadolphien devised his so-called **8phygmometrographe," 
and Levaschoff,* in 1901, employed a somewhat similar 
method. These instruments are of purely historic interest, 
for the sphygmograph is an instrument whose results are 
notoriously subjective, and dependent upon the observer who 
applies it. Apart from this, the pressure, in all of them, was 
applied to the artery through a solid block, and therefore they 
measure total pressure, as does the finger; not pressure per 
unit of surface. They served, however, to estab- 
lish one criterion, as a measure of blood-pres- 
sure; viz., the pressure at which the pulse-wave 
is obliterated. This, we have seen, gives the 
systolic end pressure, since it is equivalent to attaching 
a manometer to the end of the artery at the point of compres- 
sion. (See page 11.) 

C. Other Methods which Apply Pressure through a Solid 
Block. — Waldenburg in 1H77, and later Bloch, Verdin, Cheron, 
and Hoorweg,' brought forward different forms of apparatus, 
which all possess the same fatal defect of applying the pres- 
sure to the artery through a solid medium. Within a few 
years v. Frey has added to this list another, which requires 
twenty minutes for a single observation.* 

* All metlicwls (lescrilx?tl in this chapter, for which no references are given, 
may be found in the elaborate historical articles of N. Vaschide and J. M. 
Lahy, La teclmique de la mesure de la pression sanguine. Arch. g6n. de 
Medecine, 1002, vol. ii, pp. 349-383, 480-501 and 602-639. 

* Levaschoflf, I. \. Vratch, St. Petersburg, 1901, vol. xxii, pp. 1433 and 1471. 
■ Hoorweg, J. L. Ueber die Blutlwwegiing in den nienschlichen Arterien. 

Arch. f. d. gesam. Physiol., 1889, xlvi, p. 160. 

* Ilayaski, T. Vergleichende Bl ntd ruck messun gen an Gesunden und 
Kranken mit den Apparatcn von Gartner, Riva-Rocci und Frey. Inaug. Dis- 
sert, Erlangen, 1901, Dec 




;CT MEASUREMENT OF BLOOD-PRESSURE 



THE DEVELOPMENT OF SPHYGMOMANOMETERS 
APPLYING PRESSURE TO THE ARTERY 
THROUGH A FLUID MEDIUM 

A. The Instrument of v. Bssch, Determining the Fressare 
NecesBary to Obliterate the PnlBe (Systolic Pretaore), and Fotain's 
Hodiflcation.— Tlio (irst man to iiorft.i;t a w[iiiygiiiomiiiiomottT 
suitable fur cliuical use, and free from grutis inaccurat-y, was 
Prof, V. Basch of Vienna. 
In I87G he constructed hia 
apparatus, which in its origi- 
nal form is shown in Fig. 7. 
In two fundamental respects 
it differed from all that had 
preceded it. One was the 
employment of a bag con- 
taining fluid as the com- 
pressing mechanism, t h u a 
obtaining pressure per unit 
of surface for the first time; 
the other was the use of a 
mercury manometer for the 
measurement of the pressure 
within the bag necessary to 
wholly compress the artery. 
In this way he made possible 
a comparison of results with 
the direct estimations of the 
physiologist. 

The essential parts of the 
V. Basch sphygmomanome- 
ter are seen in the cut. B is 
■ the so-called pelotte, origi- • 
nally a glass funnel covered 
with an elastic membrane, 
only slightly stretched. The pelotte is connected with the ma- 
nometer (A) by non-distensible tubing and a T-canula (D). . 
The vertical branch leads to a funnel (C), through which the 
pelotte and tubing are filled with water. At E is a pinch-cock, 
by which this communication can be cut off, after the mercury 
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has come to equilibrium and the zero point of the manometer has 
been determined. The mode of application is as follows: An 
artery, temporal or radial, is selected, which lies closely uiwn 
bone, and pressure is made over it with the pelotte, care being 
taken that the compression shall be directly against the bone. 
As the pressure is increased, wat«r is forced out of the pelotte 
into the closed arm of the manomet«r, which at each moment 
registers the exact pressure exerted over the artery. The 
pulse is felt with a finger of the opposite baud, just beyond 




the point of compression, or made visible by a lever held over 
the artery by a rubber bracelet. Just at the moment when it 
disappears, or, as most prefer, when it first returns aa the 
pressure is lowered, the manometer is read off. This reading 
gives the pressure in milhmeters of mercury necessary to 
obliterate the artery; that is, the systolic end pressure, plus 
certain other factors, which will be considered shortly. 

The original instrument of v. Basch has undergone numer- 
ous modifications at his own hands and others. The most 
important were his introduction of a portable metal manom- 
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eter, and the change in the pelotte, as shown in Fig. 8 ; and, 
in 188!), Fotain'8 replacement of the water by air, the pressure 
uf which is raised by a bulb connected with the circuit through 
an extra branch tube. Potain's sphygmomanometer, as shown 
in Fig. i>, WHS the basis of his extended clinical researches 
into arterial pressure,' and has a wide vogue m France; while 




Fla. B. — PoTAin's ni 

the V. Baach inatruinent is etill stoutly 
defendwi against all new-coiiitTB by its 
inventor and his pupils of the Vienna 
school. To them belongs tlie great honor of the pioneer work 
in the field of clinical sphyginomanonietry, and to their efforts 
we owe tlie recognition of its value; but the lack of earher 
acceptance by physicians in general was due to distnint of the 
absolute value of the results obtaiue<l nith tlie instrument, 
and to the skill re(iuire<l for its use. v. Basch will always be 
remembered as the inventor of clinical spbygmomanometry, 
but his method must give place to its simpler and more accu* 
rate offspring. 

' Potain. tin pnssion arUricUe de lliomme ft I'St&t normal eC patbolo- 
gique, Paria, Maswn, 1003. 
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A. Erron of the v. Baicti and Fotain SpbygraomanoineterB.^ 
hese are duo, not to defects in the instrument itself, but to 
the methoi] of its apphcation. It measures the pressure neces- 
sary to obliterate the lumen of the artery. Were the artery 
' exposed, with no overlying tissue, and placed directly against 
the bone, this would equal the systolic end pressure plus the 
pressure required to close the empty artery. This, according 
to V. Basch, for the normal radial scarcely amounts to 1 mm. 
and even for sclerotic arteries is not much above 5 mm.* 
There may also be, v. Basch admits, a difference of 6 mm. be 
tween the point of disappearance of the pulse-wave and itt 
return. In the living patient, however, the artery is covered 
by skin and a varjing amount of adipose, which the author 
considers retjuire (i to 8 mm. additional pressure. These causes 
of overestimation, since they are small and more or less con- 
stant, and also because they must be present in any clinical 
method which gives systolic end pressure, could not he con- 
Bidered serious. 

The damaging evidence, which v. Basch himself gives, re- 
lates to the effect of the varying position of the artery with 
reference to the bone. Only rarely did he find the pressure 
in temporal and radial nearly alike, in most cases the radial 
requiring 20 mm., and, in exceptionally badly placed ones, 
60 mm. more for its compression. These readings were made by 
practised observers, and in unskilled hands would make a far 
worse showing. Fotain, in his book (p. 3G), cites several cases 
SB showing the great difference in pressure which may exist 
in different arteries at the same moment. One, a young girl, 
gave 5.5 cm. for the temporal, Ifi.S cm, for the ra^lial; an 
adult, 12.5 cm.. temporal; 19,5 cm,, radial; and 17 cm., dorsalis 
pedis. He observed differences of 0,5 to 2 cm. between the 

I two radial arteries. These figures contradict our established 
physiological knowledge concerning the pressure in different 
arteries (see page .30), and are unquestionably due to errors 
inherent in the method and to variations in the position of the 
artery, so that the pressure is not always apphed directly over 
it and against the lione. 
; 



1, S. Der Sfiliygmomanomct^r mid seine Verwerthung i 
Pnxi& BerL klin. Wucbciisclir., 188T. vol. xxir, p. 181. 
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Tigerstedt * sums up these sources of error from v. Basch's 
figures as follows: 

Lowest estimate ; 1 -f- Gi 4" ^ ~{~ ^ ™™* = ^ ^^- overestimation. 
In unfavorable cases ; 5 + 5 + 8 + 60 mm. = 78 mm. " 

He concludes, and rightly, that the absolute values found with 
such instruments can have no significance, but that they are 
suited to the estimation of the pressure changes which occur 
in the same individual, within reasonable periods of time. 

I have gone thus at length into this subject, because one 
must exercise a similar criticism in the results of all other 
methods of indirect blood-pressure determination, in each of 
which some of the same sources of overestimation are oper- 
ative. 

B. The Origin of Sphygmomanometers fiegistering MaTiiwiiin 
Pnlfation (Diastolic Pressure).— a. Marey*s First Instrument — 
Htirthle's Baboration. — At the same time that v. Basch brought 
out his instrument, Marey carried on experiments in his labo- 
ratory, from which our clinical methods of determining dia- 
stolic pressure have been developed. From them, besides, 
have come the plethysmograph and its congeners. 

Marey's observations were upon the effect of compressing 
the blood-vessels from all sides, instead of from a single sur- 
face. His first apparatus was a tight metal box, filled with 
water, and large enough to hold the fore-arm and hand inserted 
through a rubber collar, which entirely closed the opening. 
The box was connected with a mercury manometer and a re- 
cording tambour, as well as with a reservoir, by means of 
which the pressure could be gradually raised. A glass win- 
dow afforded a view of the enclosed hand. Marey noted that, 
as the pressure within the box was raised, the pulse waves be- 
came transmitted to the fluid and thus to the tambour. These 
pulsations increased in amplitude up to a certain point, then 
gradually declined again. Long before they had entirely 
ceased, however, the skin of the hand was seen to bhmch, thus 
showing that the vessels had been collapsed and their systoUc 
pressure overcome. Marey reiisoned that, at the moment 
when the pulsations reached their maximum, the external 
pressure must be just equal to that within the blood-vessels; 

' Tigerstedt. Lehrbuch d. Physiol, des Kreislaufes, Leipzig, 1893, p. 331. 



Itbeir walls, being thus relieved of any tension on either side, 
I Would execute their maximum oscillations. He proposed this 
I Bfi a new criterion for the indirect measurement 
I oi blood-pressure; the external pressure at 
which maximum pulsation of the arterial walls 
occurs.' Subsequent investigation has shown that this cor- 
responds with considerable accuracy to the diastoUc pressure. 
This first instrument of Marey was much elaborated by 
Hiirthle at a later date. As Ijis apparatus is very 
cuml>er8ome and suited only to laboratory use, it 
need not detain us here, 

b. Kkrey'i Second Iiutnunent. — Marey, however, 
devised a second, smaller form (Fig. 10), which re- 
ceived a single finger and tmnsmittod the pulsa- 
tions direct to the mercury column ; but the volume 
^ changes in one finger proved too slight to give sat- 




P isfactory retidings. It wa« discarded until, in 1895, Mosso, 
L using it as a basis, constructed his admirable kboratory sphyg- 
( momanometer. 

E. Kosu'b Apparatu.* — The essential parts of this rather 

I complicated apparalus, shown in Fig. 11, are: 1st, Pour metal 

I tube* (BB) enclosing loose rubber glove fingers, into which are 

I thrust the two middle fingers of each hand. 2d, A recording 

' mercurial manometer (A) connecting with the tubes (BB) 

through the tube (D), filled with water, 3d, A pump (C), 

whose piston is slowly depressed by turning a crank. The 

whole apparatus is filled with water from the bottle (F), the 

■ For Iracings illuBtrating this see Pigs. 18 and 20. 

* HoasD, A. Sphjgmomanomelre pour mesurer la presaion du sang cbez 
ifhomma. Aich. Ital. de Biol., I(t96, vol. xxiii, p. 177. 




whieh determine presBure in the small vessels of the finger, 
certain disadvantages to be considereil later. It has yielded I 
much accurate information, however, and suggeeted the e\ 
lution of our present clinical aphygmomanometere which met 
ure diastolic pressure. 




d. Oliver's Hamodynamometer.' — C)Iiver, in 1808, brought for- 
ward a simple iuutriimeiit for the measurement of arterial 
pressure, consisting of ii circular spring munonieter, gntduated 
ui mm., Hg,, with a hollow metal st«m terminating at its foot 
in a email rubber bag filled with fluid. With this, compres- 
sion is made over any escposud artery until the oscillation of 
the needle on the dial attains itfi maximum, which Ohver 
thought corresponded to mean arterial pressure. The instru- 
ment marks a return to the v. Basch meth^xj of compression, 
and therefore is liable to all the errors of faulty application 
which wo have considered : besides, its manometer is not trust- 
wtirthy unless standardized frequently. It cannot, therefore, 
be ranked with the modern iustniments, though its construc- 
tion is Biniplo and iiigoiiious, 

e. Hill and Bamard'a Pocket Spbygmometer.' — This little in- 
strument may fit a waist-coat pocket, but has scarcely more 
value than the finger as a measure of pulse tension. It con- 
sists of a vertical glass tube six inches long, ending above in a 
small bulb with glass stop-cock. Below it expands into an 
open cup, which is covered by a rubber membrane, like 
T. Basch's pelotte. The tube is filled with glycerine colored by 
chromic acid, and is graduated empirically in mm. Hg. To 
use it, the stop-cock is closed and the tube, held vertically, is 
pressed down on the artery until the pulsation becomes max- 
imal. 

C. Change in Color of the Skin as a Means of Determining 
Systolic PreMUre.— Indirectly, Marey's observations suggested 
another criterion for the determination of sys- 
^^^ tolic pressure; viz. the change in color of the 
^^H skin. This was used at about the same period, 187.'i, by 
^^[ V. Kries, in measurements of capillary pressure, but has re- 
cently come into prominence through a popular sphygmoma- 
nometer which embodies it as its principle, the tonometer of 
Gartner. 

I' Oliver, Qeorgfl. A Siioplo Pulse Praaaure-GBUgt'. Jour, of Phjaiol., 18B7- 
98, vol. iiii. p. 51. A Contribution to thv Stud; ot the Blood and Blood- 
prenure, Geo. K. Lewis, London, IMI, pp. 104 to 272. 
■ Bill, L., and Barnard, II. A Simple Pocket Rpbygmomater for Estima- 
ting Arterial Pressure in Han. Jour, of Physiol., 1898, voL xxiti. Proceed, of 
phTrioL Soc, p. iv. 
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3. THE METHOD OF CIRCULAR COMPRESSION 

BY AIR iRiva-Rocci. Hilli 

None of the sphyginomLiuouK'tvrs introiiut'od prior to 1898 1 
■ compUfMl with all the es^eutial requirements for guneral use 
hy physicians; reasonable accuracy, freedom frt»in subjective 
errors, ease of application, imd portability. The more exact 
iuHtrumeuts, such as Mosso'a, were very cumbersome; the light | 
and compact ones had all the errors of the v. Basch apparatus, 
and frotpiently more. This technicjU <liflicu!ty was first over- 
come by Riva-IUxvi,' and by Hill,* the former in an instrument 




for the mei^urenieiit of systolic prwaiiiv, the latter for diaa- - 
t(4ic. Though the fornHT |tuhlisheil lir¥4, il is iiueetionable 
whether the cmlit of the new device di^eH not beloi^ to HilL 

The imporHuit fenturo in Ixtth iiistnitiieiib» was the adoptko 
of ■ rubber tube or bng, esdrding the arro and inflated "by 

Mtm. 0«u. MmI (li ToHm, tmt, I 



* Rink-Sorci. Un noova iSkm 

* nut, LnMid, Md BHMid. IUmU. A Simfit •mi (V<mi«rt Warm «t 
SfkJ g mam M tt <x ArUiM-pmmn Owe* dntad fcc O^bmI L'm. BrMA ] 
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ans of H bulb or pump, as the compressing mechamsm (see 
Chapter IV). We have seen that the most serious error of the 

t V. Basoh sphygmomanometer was due to _ 

I the difficulty of compressing the radial 

I artery directly agaiust the bone with the 
small and awkward pelotte. 

The accompanying cuts (Figs. 12 and 
13) show the new method. The Riva- Fiu. u. — Ck..i»b«i:tio(i 
R*>cci tube completely encircles the arm *" »>"«■« i""" <Ubi- 
and fastens with a special clamp, white "'" ^""'' 
the armlet of HiU surrounds more than ^ = 1;;;;^;™''^' '"*"'■ 

, half of it and is held in place by an outer £='"*>' P"?: 
leather cuff and buckle. In either case "nomet™ '"* 
the pressure is everywhere exerted at pi7ii«i*twmi"bM™.' 
right angles to the surface of the arm, 

and therefore must cnmpreBS the artery equally from three 
sides against the underlying bone. 

Gartner,' in his tonometer, uses a practically identical 
method of compressing the finger. 



4. EXPERIMENTAL VERIFICATION OF THE 
METHOD OF CIRCULAR COMPRESSION 

If the results of the varioue sphygmomanometers using the 
' method of circular compression are to be accepted as having an 
absolute, or nearly absiilute, value, the method must be found 
to comply with certain fimdamental re<iuirementB. 

A. InfloeiLce of the Innei Wall of tiie Tube. — The pres- 
j sure exerted upon the limb must be exactly the 
I pressure within the tube- This question was thor- 
1 oughly investigated by Gumprecht,' who found s substantial 
I correspondence between the internal pressure and the pressure 
I exerted. There was no increasing loss as the pressure was 
I raised, as would have been the case had the elasticity of the 
l tabe itself been called into play. 



> GSrtner, O. Uelwr einon neucn Blutdruckniesser (Tonometer), Wien. 
J. Wochensohr.. IB09. vol. ilii. p. 1412. 

■ Qompncht. ExperimenUBlle uml kliiiifiche PrQruiig- dea Riva-ttocci'schen 
LSphjKitiomaiiDitieteTs, Zeittcfar. 1 klin. Hed., IVOO, toI. xixIx, p. 377, 
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a, Inflnenoe of Faulty A^jostmeBt. — Thia only holds good ] 
when the armlet is properly applied, that is, snugly, but not so I 
tightly as to exert any pressure before inflation, I have fre- 
quently found the reading as much as 20 mm. to M mm. too 
high, on account of loose adjustment of the cuff. This is espe- j 
cially prone to hapi^en in those instrunients in which the cu£f . 
is buckled on, one hole being too loose and the next too tight. 
It 18 more easily avoided with the original Riva-Rot^ci clamp, 
or the type of buckle adopted in my modification. With the 
compressing tinger ring of the Gartner tonometer, it beatmea ' 
much more difficult to fit each case, without carrying a large 
number of rings of different sizes. Martin,' who has investi- 
gated the point carefully and gives convincing experimental 
evidence, thinks the error from erroneous application much 
greater than with the Riva-Roeci, and that the adaptation of 
ring to finger must be very exact, even to differences of 1 mm. 
in circumference. For this reason he has devised a small mod- 
ified Riva-Rocci tube, of 2.5 cm. width, for the finger, and ob- 
tains accurate results with it. Wolf* found a similar influence 
of the cahbre of the ring, smaller rings giving higher readings 
on an artificial rubber finger filled with mercury and connected j 
with a manometer tube, Of seventy-two observations on the I 
two hands, in only one half did the readings correspond. ' 

B. taflaenofl of the Tiwuet^T he pressure exerted by 
the tube upon the arm must either be transmit- 
ted without loss to the blood-column within the 
artery, or the loss must be a constant factor, 
capable of calculation. The earlier investigations on 
this point led to the conclusion that there was a certain 
toss, due to the compressibility of the tissues, which waa 
called the elasticity errvir. It was variously estimated. Qiun- 
precht placed it at 3(1 mm. for moderate pressures and rising 
to 40 or 50 mm. at high pressure; Hensen' at 10 to 15 mm. in 

'Martin, Alfred. Technisches Obcr lias Riva-Roeci'»che Sphygnioinanct- 
tneter and QUrtner's Tonometer. MQnch. med, Wochenschr., 19011, toI. 1, pp. 

1021 Mid lora. 

* Wolf, H. EiperiinenUlle Untersuchungcn Ober die Biutdruckmessiingen 
mil deiTi OSrtiier'svlien Tonoineter. Wien. med. Presse, 1003. vol, ilii[, pp. 1349 
Mid 13»5. 

* Hensnn, H. Beirraga lur Physiologie und Pathologie des Dlutdruoks- 
DeutscL Arch. f. klio. Med., 11)00. toI. xlrii. p. 437. 
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adults, 3 mm. in children. The latter called attention to the 
important fact that, were the error at all considerable, it 
would be very noticeable in a long series of observations on 
arms of varying size. It must increase proportionally to the 
area of cross-section, not the circumference of the arm, there- 






/ 




Fio. 15. — DisToitTiow or a tubb by blocks laid on rr. 
(From V. Recklinghausen, p. 87.) 

fore if there were an error of many mm. Hg. in normal arms, 
it should be impossible to find moderate pressures in large 
arms. This is not the case in my experience or that of other 
observers. 

a. Belation of Width of Armlet to Circumference of Limb. 
V. Becklinghausen. — v. Recklinghausen,^ in his excellent crit- 
ical studies, approached the question from another standpoint. 

He believed that the soft parts exerted no influence what- 
ever, and investigated the effect of the length of artery com- 

' V. Recklinghausi^n, II. Uebcr Blutdruckmessung beim Menschcn. Arch, 
f. ezper. Pathol, u. PharmakoL, 1001, vol. xlvi, p. 78. 
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The foregoing diagram (Fig. 15) shows his method 1 
of reaaoiiiug. It 13 evident that the portions of tube B C carry 1 
some of the weight B. If a number of weights of the same 1 
size be laid along the tube, not increawing the pressure to the | 
square inch, the outer blocks, on AB only, will feel this puU, 
while the central ones will exert their full pretisure upon the I 
portion of tube directly beneath them. With this in view he , 
constructed armlets of different widths, and found that a cor- j 
tain proportion must be maintained between circumference of 1 
arm and length of it compressed. For oniinary arms of 24 ' 
cm. circumference, a 10 cm. cuff sufficed, and I'i to 15 cm. 
was adequate for almost any size. When too small an armlet 
was used, the readings were considerably higher than with the 
proper width. Since the Riva-Rocci arm-piece has a width of 
at most 5 cm. and, when distended, becomes circular and is 
in contact with an even smaller surface, t. Recklinghausen 
thought that he had discovered the cause of the so-called elae- I 
ticity error of former observers and its cure. In this I believe 
he wafl fully justified. His results have been substantiated re- ' 
cently by Martin, who adopted a 10 cm, width, and Erlanger,' 
who has modified his very exact apparatus by the substitution 
of a 12 cm, cuff for his previous one. In experimenting with 
dogs, estimations from the thigh, with cuffs of ^1.5 cm. width, 
showed errors ranging as high as 6(1 mm. Hg, ; but with 9 cm. 
width the error, under normal conditions, was never greater ■ 
than 10 mm. Whatever error was present entered e<iually 
into the determination of systolic pressure (obliteration of 
pulse), and diastolic pressure (maximum pulsation). In this 
country, besides Erlanger, Stanton ' has introduced an armlet 
of 8 cm. width in his instrument, and the author one of 12 cm. 
in his new form. With it I have found readings, in high ten- 
sion pulses, as much as (iO mm, lower than with the 5 cm. 
tube. This increase of the error at high pressures, which 
certainly occurs and which Gmnprecht first pointed out, I be- 

' Erlongor, Joseph. A Study of the Errors involved in the DelerminftLion ] 
of the Blood-pressures in Hon, together with a Doinonstrallon of tho Iinprov»- j 
ments in the SphTgrnomuiometer suggesled thereby. Am. Jour, ot Physiol., j 
lOM, vol. i; Proceed, of Am. Physiol. Soc., p. xiv. 

•SHinton, W. B. A Practical Clinical MtUiod for dotermining Blood-pre»- 1 
sure in Man, with a DiBcussion of the Methods Hitherto emplojred. UniT, of 1 
Peaa. Med, Ball, 1903, toL xr, p, 460. 
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lieve is due to the fact that the compressing surface grows 
smaller the higher the pressure is raised, since the tube be- 
comes more circular in cross-section as it distends. 

V. Recklinghausen gives the following table, which illus- 
trates the diflFerence between the old size of compressing sur- 
face and that reconmaended by him. 

SIMULTANEOUS DETERMINATIONS WITH THE 6 CM. WIDE CUFF 

OP RIVA-ROCCI ON ONE ARM AND A 12 CM. 

WIDE CUFF ON THE OTHER 

Person H., sitting, directly after dinner. Pressures in mm. Hg. Maxi- 
mum circumference of each arm 24^ cm. (Thicker arms would naturally give 
greater differences.) 



Pulse returns. . . . 

Pulse returns.... 

Pulse disappears. 

Pulse returns.... 

Pulse returns.... 

Pulse returns 

Pulse disappears. 



BROAD CUFF 



Right arm 90- 96 

Uight arm 92-100 

Right arm 90-98 



RIVA-ROCCI*S CUFF 



Left arm 116 

Left arm 114 

Left arm 112 

Right arm 92- 98;Left arm 114 

lieft arm 96-104 Right arm 118 



Left arm 94-104 

Left arm 104-108 



Average 94-101 



Right arm 120 

Right arm 120 



116 



With the lower pressure values of the first column the mercury manometer 
showed marked pulsations, with the higher ones of the second column it stood 
quite still. (After v. Recklinghausen, loc. cit., p. 110.) 

With the finger ring of the Gartner tonometer he found a 
similar influence of the extent of compressing surface, and 
recommends a ring covering the whole proximal phalanx. 
Martin does not wholly agree in this, finding 2.5 cm. suffi- 
cient, instead of the 1.5 cm. width of the original Gartner 
ring. 

b. Influence of the Site of Application. — In all blood-pressure 
determinations, whether by direct or indirect methods, it is 
essential that the measurement be taken at the level of the 
heari;. The reason for this is simple. If the observation be 
made at a point, let us say, 10 cm. lower than the head;, we 
shall measure not only the bkx>d-pressure, but the weight of a 
column of blood 10 cm. high in addition. This equals about 
8.5 mm. of mercury. If the point be above, a corresponding 
error will be introduced in the negative direction. 



With the Vi cm. cuff it in, of course, imuiaterial on what 
segment of the limb it be placed, so long as it can be adapted 
sm<x)thly t« it. Detenninations may be made equally • 
arm ur thigh, or even un the calf. In children, whose arms 
are very small, the thigh is to be preferred. This obviously 
necessitates the recumbent posture to keep the level of the 1 
heart. 

The Gartner method of Biiger compression is not so fortu- 
nate in this respect. Martin found that the ring must he 
placed exactly on the middle phalanx, as Gartner originally 
directed, under penalty of a possible error of 10 mm. or more. 
He explains the results of many of the critics of the tonom- | 



(Ancr V. RuckliDgliuuDUQ, p. 104.) 

eter, who have found marked variation in simultaneous read- j 
iugs from different fingers, as due to this technical error. 

c. Influence of the Vewel Wall. — Since the experiment* of v. 
Bawh alreiuly (|untod (see page 49) showed that a pressure of 
1 mm. was always sufficient U* close the lumen of an excised 
radial artery, fhe error from this source may be absolutely i 
neglected. That a sclerotic veeael may offer considerable 
resistance to compression is, however, a common belief, which 
I do not think is justified, v. Basch found the empty sclerotio 
radial could be compressed by 5 mm. Hg. The digital arteries 
should give an even lower figure, but that the larger brachial 
would offer more resistance seems plausible. Hensen,' from an 
observation on a dying consiuuptive with moderate arterio- 
sclerosis of the brachial, in whom he found a blood -pressure of 
30 to 40 mm., argued that, since there was still some internal 
pressure in the vessel, the error due to rigidity of its walla 
could not have exceeded 20 mm. I am inclined to doubt the 
accuracy of touch which can detect a pulse of such small vol- 
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ume as a systolic preaaure of 10 to 20 mm. would imply, and, 
were the return of the pulse really palpable, should consider 
the overestimation to have been less than 10 mm. v. Reck- 
linghausen ' thinks it more probable that, with marked thicken- 
ing of the artery, its walls do not collapse in the same manner 
'as the nonnal ones, when the internal pressure has been equal- 
ized, but leave a small opening at each side through which a 
rudimentary pulse-wave might pass (see Fig. l(i). In such 
cases he suggests leaving these rudimentary waves out of con- 
sideration and using the first well -developed pulse as the cri- 
terion. In this I am inclined to agree with him. 

The problem will be discussed again later, in considering 
the complicated relation of arterio-sclerosis to blood-pressure; 
but my personal belief, based on a number of cases of marked 
thickening or calcification of the large arteries, in which I 
have failed to find abnornmlly high systolic pressures, is, that 
errors from (bis source, with the wide armlet, and using the first 
fully forined pulse aw ;i ^uide, have little significance. 

d. Influence of Htucolar Contraction. — In connection with this 
loss of pressure in transmission through the tissues, there are 
certain avoidable sources of error. Muscular relaxation on the 
part of the subject must be complete. Hensen' found the 
Rame pressure on the two sides in fresh hemiplegics with flac- 

l^dity; showing that normal muscle tonus during relaxation is 
without influence. Muscular contraction, however, at once intro- 
duces an obstacle to the compression of the artery, which the 
same observer proved might cause an overestimate of 5 nun. to 
8(1 mm., depending upon the force used. This renders accurate 
observations imixissible in sjiastlc conditions, tetanus, marked 
subsultus, and iill Mtiituw nf heightened muscular tone. 

e. Inflnenee of (Edema. — CEdema is a similar source of error, 
for some of the pressure is expended in squeezing the fluid out 
lof the tissues, so that the tube gradually produces a groove in 
the limb. Hensen found the reading, in an arm with slight 
oedema, 20 mm. higher than in the opposite one. It is wiser 

lot to attempt determinations when it is present. On the same 
^ground, a change in the normal elasticity of the tissues, the ei- 

' V. Recklinghttusfn. Loc. cit.. p. 104. 

* Kcnscti. I). Beitrfige ziir Physiologic iitid Patholiigio ilea Blutilrucks. 
>eDtnh. Arch. f. Uin. Med.. 1900. vul. xlvii, |>, 437. 



periinentul vtirifioutiiitm uf Bphygmomanomuters ou the cadaver I 
caniKA be accepttxl. 

C. C(molaiioiis.^A»! a result of the critiml inveetigations we j 
have considered, the esBeutial accuracy of the methoti of circular J 
compreseion liaa been demonstrated. The use of an armlet of 1 
12 cm. width, adjusted, with reasonable care as t« tightness, , 
anywhere upon the arm or thigh, enables us to exert upon the I 
main artery of the limb a pressure nearly or quite equal to 1 
that within the armlet. The niaximura error by this method I 
is lU nun. Hg., due to loss in transmJRgion through the tissues. I 

The method, as applied to the finger (Gartner tonometer), i 
quires more care in the accurate fitting of the ring to the middle 1 
phalanx, and seems to give less constant reHultB, but la still o£ I 
sufficient reliabihty for clinical purposes. Since the pressure I 
within the ring, or armpie«e. can be exactly measured by a I 
manometer, the technical re*iuiremenl8 for accurate clinical I 
measurements of blood-pressure have been fulfilled. It re- I 
mains only to prove that our ext^-mal indicators of the equali- J 
zation of certain definite pressures within the artery, syatolio I 
and diastohc, corresfwiid with the event. 

5. THE VALIDITY OF THE SEVERAL CRITERIA 
A. Of Byrtolic Freesore.— a. Tbe Retom of the Folw-Wave 
Under CompreBsion.— Thiw, we have swu, was tlip original crite- 
rion of Vierordt aud v. Basch. Formerly it was questioned 
whether the moment of disappearance or of reappearance should 1 
be used. There is no doubt, however, that the moment of p&- 1 
turn IB more sharply define«l and more easily detected, and it ' 
is now the generally accepted standard. 

If, during the gradual release of the pressure on the arm, 
tracings be taken from the radial artery with a sphygmt^raph, 
as in my earlier work on this subject ' and Masing'a,* or, hke 
v. Recklinghausen,* a volume tra^^e miule from the forearm, the 

' JanevBj, Theodore C. Some Obserratiuus ou tlie Ulsliintitiun ol Blood- 1 
pressure in Man. with Especial Reference to the Results obtained with the Newer J 
Sphyfciaom&iiomet^rs. N. Y. Univ. Bull, of the Med. Scj.. 1001. vol. i, p. lOS. 

' Maaing. Ernst. Ueber das Verhaltcn des Blutclrueks des jungen iind des 1 
twjahrten Menschen bvi Muabetnrbcit. Deutsoh. Arch. I. klin. Med., 1003, voL i 
IxxiT. p. 253. 

> Luc. ciL, p. 103. 




^^^TH^VALTO^ OF THE SEVERAL CRITERIA fiS^^^H 

^^H first few waves to i-eappear will be barely risible; tben, after ^^^| 
^^H only a few mm. fall in the presBiire, larger pulse-waves will ^^^| 
^^H suddenly show, as is readily seen in Fig. 17. The last writer ^^^| 
^^H calls the small waves rudimentary, the later large ones, well- ^^^| 
^^^V developed. The detection of the rudimentary waves requires ^^^H 
^^H skill and care, a.s well as a favorably placed artery. Hensen ^^H 
^P thinks it isaf^ier to dt^tect them at the bend of the elbow, but I ^^H 


HHI^^^^^IH 


g^^^^^^^^^g 




■- 


^^B J*"!!^ "^ lO' """- '"■» palpable, wldi cans. ^^H 
^^H B. Fut ralfwe. Rudinwnury wave^ M loo mm., wgll^Jevoloped it ninut IW nun. A ^^H 

^^H K>rc«1y h.v<, been lilt ul«ve 91. mi.i. ^^H 

^^^B have found this an awkward procedure, and even more unsatis- ^^^H 
^^H factory in stout arms than palpation at the wrist. Evidently, ^^H 
^^B therefore, in some cases the well-developed waves are the first ' 
^^H fdt, and with the norice this is the rule. The underestima- 
^^H tion I do not beheve can exceed 5 mm. . where due care is used, 
^^^H except with irregular or very rapid pulses, since the points of 
^^H disappearance and return may usually be determined within 5 
^^^B mm. of one another. Cook and Bnggs,' who take the mean 


^^B • Cook, H. W.. ana BriggB. J. B. Clinical ObserratioDS on Blood-preMure. 
^^H Joblu Hopkins Uosp. ICep., 1003, rol. xi, p. 401. 
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of tiiese two points, <lo not consider readings Batisfactory thaff 
differ by more than 2 or 3 mm. 

One technical point must he infliste*! on. The presBiir e must 
be lowered very gradually, for, not only the rudimentary 
pulses, but several sul)8equent ones will be missetl, if the mer- 
cury be allowed to fall 5 or W mm. at a time. {See Fig. 17.) 
It is always wise, so soon as the return of tlie pulse is per- 
ceived, quickly to raise the pressure the few mm. Hg, neces- 
sary to again obliterate it and make a second determination, 
taking the average of the two. For this purpose the instru- 
ments in which pressure may be rapidly changed in eithi 
direction with one hand (v, Recklinghausen, Erlanger, Si 
ton, Janeway) have a great advantage. 

To obriate the subjective element in the determination, 
Erlanger has proposed a method of rendering the return of the 
pulae visible, which he calls "letting the cuff feel the return 
of the pulsation." Having rai-sed the pressure in the sphyg- 
momanometer considerably higher than maximum arterial 
preHflure, he brings the recording lover of the tiimbour, in his 
instrument, to bear on the drum. The lever is depressed and 
shows a small pulse. The pressure is then allowed to fall 
gradually and the pulsations increase slightly, while the lever 
rises. At the instant the pressure in the armlet falls below the 
systolic pressure in the artery, the pulsation shows an abrupt 
increase in amplitude (see Fig. 20). This method, he has sat- 
isfied himself, is both accurate and objective. He claims that 
the readings so obtained are 5-15 mm. higher than when 
the finger is used to detect the return of the pulse. This may 
hold good when the fully-developed pulse is considered, but, 
with slow release of pressure and a little skill, the rudimentary 
waves may be felt, and I have never found my readings more 
than 2-5 mm. below simultaneous ones by his method. An 
objection to his method, for routine clinical use, is that it con- 
sumes more time, and requires quite as much skill. In patho- 
logical pulses, the change may be very indistinct. It is, of 
course, only applicable with a graphic instrument. 

Apart from the adequacy of the sense of touch to detect 
these slighter waves, however, we must question whether the 
pulse passes thr(»ugh the compressed portion of the vessel the 
instant the pressure without falls below that within the artery. 



[ion, 

itru- 1 

iion, ^^^^ 
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With the broad armlets there must be 8 or 10 cm. of artery 
collapsed, and the first pulse-waves might lose their small in- 
itial surphifi of pressure in overcoming friction, before reach- 
ing the wrist or even the elbow. This v. RtH^klinghauaen 
showed waa undonbtetUy the case. By his very ingenious 
method of "Staircase curves," he was able to measure the ab- 
solute systolic pressure, and, in one curve which he figures, 
the first developed pulse be could detect came through at a 
pressure (i mm. Hg. (8 cm. water) lower. This difference he 
calls tbe extra pressure required to open the path. Some con- 
sider the existence of this cause of low measurements good 
reason for using tbe average of tbe pressures found at the mo- 
ment of disappearance and of reappearance of tbe pulse, the 
former being invariably higher; nevertheless, the disappear- 
ance is so much more gradual and misleading than the return, 
that most observers agree in preferring tbe definite end reaction 
with a small, fairly constant erri>r. It may further be urged, 
that the probable underestimation of 5 mm. + 6 mm. = 11 mm. 
in the criterion used, may 8er\-e to cancel the equally probable 
overestimate of 10 mm., due to the resistance of the tissues 
and the arterial wall. This reasoning is certainly not sound 
where absolute values are essential, yet tbe variations in blood- 
pressure from slight causes during tbe course of an observa- 
tion are of such extent, that this error of observation is imma- 
terial. A change of 5 mm. or even 10 mm. in blood -pressure, 
unless all the conditions are absolutely safeguarded, affords no 
basis for deduction, and could only be allowed weight where 
the observations followed one another very closely. In that 
case the error would be aI>solutely constant and therefor© neg- 
ligible. 

In connection with the measurement of the pressure varia- 
tion of tbe pulse-wave, where this criterion is used for systolic 
pressure and the principle of maximum oscillation for diastolic, 
it may be urged that the latter measures lateral arterial pres- 
sure, while tbe method we are considering gives end pressure 
(see page 45). This is true, but of no practical importance. 
The figures of Tigerstedt ' show that not more than -j-hr of 
the work of the heart is expended in imparting to tbe blood- 
stream its velocity, the entire remainder being reqiured to 
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overcome aortic pressuri?. Hence, at a pressure of ICO mm. 
Hg,, the difference between lateral and end pressure would 
only amount to 1 mm. 

A final point remains to bo mentioned, namely, the well- 
rec(^nized effect of compression of a limb in raising blood- 
pressure. This rise is general, since it Ls found as well in the 
opposite arm, and is unquestionably due to a central vaso- 
motor reflex, increasing peripheral resistance. It may appear 
within one minute as a rise of perhaps 5 mm., and, if compres- 
sion is long maintained, can cause a rise of 20 mm. Hg. in 
exceptional etudes. It must be carefully avoided, by working 
■ (jmckly and allowing an interval to elapse between every few 
determinations. It will be more troublesome in the estimation 
of diastolic than of systolic pressure, since the latter may be 
easily determined within half a minute. 

In conclusion, one great advantage of this criterion must 
be considered. Measuring with fair exactness the systolic end 
pressure in the brachial artery, it gives us the systolic lateral 
pri!esuro within the subclavian, since brachial and axillary are 
continuous in direction, and therefore a near approximation to 
systolic lateral pressure in the a*irta. This, combined with 
estimation of diastolic lateral pressure in the brachial, which ia 
practically the same a» aortic dia.stolic pressure (see page 31), 
gives the Iwst insight int*! actual variations of systemic blood- 
pressure, 

\ The Betum of Color to the Bkin of the Blanched Finger.- - 
This very ingenious metliod of making the momc'iit of return 
of the pulse visible, though <lerived originally from Marey's 
observations, in its practical application we owe to Gartner. 
As yet it is used by his instrument alone. His original 
statement was, that one obtained in this way the mean blood- 
pressure, basing his beUef on comparison of readings thus 
made in a dog's tail, with direct measurements of ifa mean 
carotid pressure.' Such correspondence was, of course, purely 
accidental, since the mothtxl Is tbe<iretically identical with the 
detection of the return of the pulse after compression of the 
arm. The pneumatic ring is first placed on the middle phalanx, 
the finger is then rendered bloodless and the pressure in the 
manometer and ring raised to a point above systohc blood- 
' G&rtiier, 0. Wien. med, WocheiMChr., 18M, ral «lii, p. 1412. 
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w preesure. It ia then allnwed to fall gradually until the white 

I finger-end Hiiddeuly flushes. In many cases, if the pressure be 

I released sufficiently slowly, a deeper flush appears a few mm. 

Hg, lower. With the flush, a throb, synchronous with the 

heart-beat, is felt liy the patient. This second flush corresponds 

to the first well-developed pulse of the Riva-Rocci method. 

Gartner claimed for this criterion that it gave the subjective 
part in blood- prtssure determinations to our most accurate sense, 
sight, while the Riva-Rix^i method depended upon our rather 
fallible touch fierceptions. The truth of this is un(iU(«tioned, 
except under certain conditions. By artificial light, anil in the 
skin of the negro, or the very anfemic, color judgments are very 
difficult. Besides, many observers' agree that the flush fre- 
quently occurs so grailually as to be valuele.<>s as a guide. 
Hayaski takes the subjective throb as his index ; in other words, 
he allows the patient to feel the return of his own pulse, and 
Qartner himself speaks of the usefulness of the procedure. 
This is even more subjective than the palpation of the pulse by 
the observer, and requires co-ojieration on the part of the pa- 
I iient only possible in the intelhgent and completely couscioiia, 
I Martin finds the pressure corresponding to the throb in the 
highest degree dejiendent on the rapidity with which the prea- 
Bure is lowereti, as is the case with the flush. Both vary also 
with the amount of vaao-constriction of the artery, nice deter- 
L minationa being possible only with wide vessels. Martin, in 
k«bHervations on himself under diflfereiit conditions, foimd dif- 
VferenceB of 5 to HI mm. between the first and second fiusb, and 
■^otee Schleiseik as placing the usual difference at 15 mm., 
B-lKeu at 5 to 20 mm. in normal cases, and up to 45 mm. in path- 
■idc^cal ones. These figures mean that, with toft rapid lower- 
Big of the pressure, an underestimation of that extent would 
f occur. Most observers also agree that, in a aeries of consecu- 
tive determinations by this method the later readings are in- 
l-*ariably higher, to a greater degree than occurs with the Riva- 
^Kocci methiKl, and tberefcire not due wholly to a real reflex rise 
1 aortic pressure, Stanton frequently found a variation of 
|3W mm. between the highest and lowest of a serie-s of ten suc- 
ve tests on the same patient. This is most easily explained 

r. Recklinghausen, Martin, Stanton. Cook and Brigijs, Ifsjuski, etc I<oc 
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by the development of a vaBO-motor paresis in the finger, cai 
by continued compression, 

In conditions of very low pressure the criterion fails entirely^ 
and Gartner himself attempts no measurements below 7u mm. 
During aniesthesia, also, and in toxic states, the method is diffi- 
cult of apphcation, and the observation of return of color is 
more inconvenient than the palpation of the pulse. Cook and 
Briggs gave up the use of the tonometer in part on this account. 

The most serious fault of the criterion, htiwever, lies in the 
fact that, at the best, it can only measure pressure in the small 
digital arteries. The extent to which these are subject to vi 
motor clianges is notorious, and in this way variations in preB^ 
sure within them may occur as a purely local manifestation. 
Cold affects them markedly, and all who work either vrith the 
Gartner or the Mosso instruments lay special stress on the 
necessity for ha^Hng the fingers warm. Brush and Fayer- 
weather' foimd these peripheral changes bo troublesome, with 
the latter instrument, that they mixlified it for use on the wrists. 
Wolf, in the series of seventy-two obstirvations previously 
quoted, found differences between the readings in the two 
hands in one half the cases, the greatest Iwing 25 ram, Hg. 
Such variation can only be due to defect in the method, or to 
local changes in the calibre of the digital arteries. Jellinek's" 
figures on the effects of exercise in a large number of healthy 
soldiers seem to me to illustrate this fault of the Gartner 
method. Most of the men showed a rise in pressure, some no 
change, and a few a fall. One relation, however, was con- 
stant. Those vrith very low initial pressures always showed 
the most marke<l rise, Since we know how exercise tends t«> 
dilate the vessels of the skin, the explanation of his results, to 
ray mind, is found in the probable marked vaso-constriction of 
the peripheral vessels which existed in his casee with low pri- 
mary readings ; this disappearing under exercise would allow 
the factitious original pressure to rise to the level of general 
blood-pressure. 



mall . ^ 
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' Brush, C. B., «nd Fayerweather, 
itlooil -pressure during Norniat Sleep, 
p. 190. 

■Jellinek, S. 0el>er ikn Illutdrack des gesnnden Heuschon. 
Med., IBOO, vol. xixii, p. 467. 
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Tho use of tbia metliixl of determining systolic pressure, 
then, has not the general applicability of those using the arm, 
nor have it» reeults quit© the same woi-th. Withiu these limi- 
tations it is of clinical value, ia easily learned and, under 
favorable conditions, gives a beautifully distinct index of pres- 
sure, which lends it a ct-rtain cbarni. 

c. Comparison of Systolic PresaureB in Bradiial and Distal 
Arteries. — Apart from local differences in vascular tone, the 
digital arteries undoubtedly have a slightly lower systolic pres- 
sure than the brachial, for the pulse wave in them is smaller. 
Most comparisons in the past have Ijeen with the Riva-Kooci 
instniment, usuig the narrow armlet, therefore with an over- 
estimated brachial pressure, Hayaski, for instance, comparing 
the moment of disappearance of the radial pulse on one side, 
and the subjective throb on the other, found a fairly constant 
difference of 20 mm. in a large number of cases, As his nor- 
mal persons were one hundred and eight scliiKil children, the 
elasticity error must have been small, v. Recklinghausen 
obtained an average reading from the finger " mm. Hg. lower 
than for the brachial. 

E Of Diastolio Pressure. — a. Maximum Pulsation of the Arte- 
rial Wall — This means of determining the diastohc pressure 
within an artery, which we owe to Marey's keen insight, is 
unqneetionably our most exact indirect measure of a blood- 
pressure. Mosso, when he first devised his sphygmomanom- 
eter, demonstrated its theoretical accuracy by the following 
experiment. Two vessels were taken, which communicated 
with one another by a vertical opening 40 mm. in diameter, 
closed by an unstretcbod elastic membrane. One vessel was 
connected with the pressure cylinder and recording manometer 
of his sphygmomanometer, the other with a mercury manom- 
eter, and with a pump used to imitate the heart in a model of 
the circulation. At the start of the experiment the pressure 
registered 7(i mm. Hg. in each vessel. The membrane, there- 
fore, was perfectly vortical. If the pressure was raised on either 
Hide, it was, of course, bulged out toward the opposite vessel. 
Now, while increasing the pressure on the side of the sphygmo- 
manometer by successive steps, he produced plusation of the 
water in the other vessel, which was transmitted through the 
membrane to hia recording manometer. The tracing abowB in 
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Fig. 18 resulted. It is perfectly evident that the greatest pul- 
sation is at 76 mm., the level of equal pressure on the two sides 
of the membrane. 

Howell and Brush ^ have verified the principle for the artery 

itself. They used an apparatus devised by Walden, and shown 




Flo. 18.— T&ACiNO or the pulbatiohb trahbmittid throcou an klabtxo mkmbrakb 

0KPABATINO TWO VX8SBL8. 

(From Moeso, Arch. Ital. de Biol., 1895, vol xjdii, p. 177.) 

in Fig. 19. The tube D was connected with a mercury ma- 
nometer and with a Fick spring manometer, the latter magni- 
fying and recording the pulsations. This is the general arrange- 
ment of Erlanger's sphygmomanometer. The left carotid of a 
dog was placed in this apparatus, and the right connected with 
a mercury manometer provided with maximum and minimum 
valves. The pressure in the closed cylinder was then raised 
10 mm. at a time, and the pulsations at each pressure recorded 
by the Fick manometer. No difficulty was met in determining 
the greatest amplitude of the pulse- wave. The only source of 
error lay in the 10 mm. intervening between the readings, 
which made it possible that still larger waves might have 
occurred at some intermediate point. The error from this could 

1 Howell, W. II., and Brush, C. E., Jr. A Critical Note upon Clinical Meth- 
ods of Measuring Blood-pressure. Boston Med. and Surg. Jour., 1901, toL 
ozIt, p. 146. 
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not fiave exceeded 5 mm. Their results are shown m tabular 
form. 



Experiment VII... 



Experiment VIII. . 



Experiment IX. . . . 
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Point at which the maxi- 
mum nulsaticHis were 
obtained in the left caro- 
tid as m«Hi8ured by the 
sphygmomanometer. 



155 mm. Hg. 
157 



112.5 " 
129 5 " 

81 

85 



44 



44 



109 
110 



« 

a 



4. 

« 

a 
a 
a 

tt 

M 



^ Animal bled profusely. 

The measurements were practically simultaneous and under 
even conditions of anaBstbesia, so that the pressure remained 
constant for considerable intervals. These figures, when 




Fio. 19. — Apparatcs of Waldkn fur yxrifyino the critkrion of maximum 

PI-I.8ATION or TilK AKTKKIAL WALL. 

AA'= artery, ticdf out, und druwti tlirouirh uppumtUH. 

BB' = Hiiiull fcluMt tulna* iiirtertvil throuf^h Htopixjr in lur^rur tulte. 

(- = tubc (if iivritoiieul nieiiibrune c«)iiiiec*tiiiir the eiidx of BB'. 

D = (>pciiiiife fnuii outer tuiH3 leading to rei.N)nliiJK uppurutUH oiid manometer. 

£ = opcnin(p counocted with prcs.suru tluHk. 

(From Howell and BruHh.) 

coupled with Mosso's simpler demonstration, are convincing 
as to the essential accuracy of the point of maximum ampli- 
tude of pulsation as a guide to diastolic arterial pressure. 
Certain practical aspects of it alone remain to be touched on 
here. 



When used clinically, it is not possible to obtain thon>ugbly 
accurate judgment's of where the pulsation is greatest, by simply 
watching the fluctuations of the mercury column. With a 
manometer of at least 3 mm. cahhre, and rigid connecting 
tubing, quite large oscillations may be obtained, and a reason- 
able approximation of diastoUc pressure made with a simple 
clinical instmment. With rapid pulses, neither the eye nor 
the mercury follow the movements quickly enough, and some , 
form of tambour becomes necessary for magnifying and record- ' 




At 1]S tiim. I5 Man tho abrupt ioorous In amplitude whioh Imllcales sfBtotio (nuuc) ' 
preHUre. At eo mm. the puImUoq U alJll muimil, but et bfi nun. 11 ii mui^ 
dimlnlabed. 90 nini. Is thorururu the dlaatulic (niln.) preaeuro. 

ing them. For this reason the types of apparatus which give 
diastolic pressure satisfactorily in all cases are more bulky, 
require longer for a reading, and are more costly, than the sim- 
pler ones measuring sj-stolic pressure. Hill and Barnard's is 
an exception as regards the first two drawbacks; but its deli- 
cate metal tambour is easily disordered, and does not give exact 
readings unless frequently corrected by comparison with a mer- 
cury manometer. Besides, it is not a recording manometer, 
and sometimes gives one trouble in determining the maximum 
of the oscillations. It must also be borne in mind tliat the 
pulsations, when once they have attained their maximum with 
increasing pressure, remain at much the same height for a 
number of millimeters, then decline rather suddenly as systolic 
pressure is approached. Hill, who thought his method indi- 
cated mean arterial pressure, advised taking the middle point 
between the hmits of maximal pulsation. This may at times 
correspond with mean pressure, but is not at all an exact guide. 



} The correct manner of using the criterion, to whatever instru- 
ment it be applied, is to lower slowly the pressure from the 
systolic level, if possible only 5 mm. at a tinie, watching the 
size of the pulsations. The lowest pressure at which they are 
Btill of maximal height is the diastolic pressure, Bolow this 
[ they decrease very rapidly in ampUtude, so that the determi- 
i nation seldom offers special difficulty with a graphic record. 
[ The accompanying tracing (Fig. 20), taken with the Erianger 
I Bphygmomanonieter, illustrates the method. With irregular 
[ pulses and when rapid fluctuations of pressure are present, aa 
i in forced breathing, the criterion fails. 

C. Other Criteria, not in Clinical Um,— Hiirthle ' rendered th© 
Brm bk>odlcHB with an Esmarch biindage. then placed it in a 
I plethysmograph cylinder filled with water and connected with 
i manometer. When the compressing band was removed, the 
I return of blood to the arm displaced water frt>ra the cylinder, 
I and automatically registered in the manometer pressures, from 
L which ho thought the maximimi, minimum, and mean arterial 
I pressures could be read. The results are somewhat question- 
able, the application abounds with opportunity for subjective 
J mistakes, if the reading does not, and the apparatus is impos- 
[ Bible outside the laboratory. 

V. Reckhughauaen made his determinations by recording 
I the pulse from the armlet during steadily increasing compres- 
I aoQ, by means of a Pick manometer and revolving drum. His 
inometer was standardized, and, by comparing the portions 
I of the " staircase curve " so obtained, he determined the exact 
I value of each portion of the pulse-wave, from this roconstruct- 
I ing a pulse-wave in its exact measurement expressed in pres- 
I Bures. This, also, is obviously unsuited to general imitation. 
Henseu,' Ma-sing,* and the author,* before any satisfactory 

I DOrthle, K. Uebcr cine Metlioile zur Begistierung iloa Artoriellcn Blut- 
f-druck beiro Moiiachen. Deutsch. med. WochcDBchr. 1886, p, 574. 

■ Hensen, 11. BeitrSge Eiir Phfsiologie und Pathologie dea Blutdnicks. 
' Deulach. Aroh. f. klin. Med., 1900, vol. livii, p. 488. 

■ Haeing, Ernst Ueber daa Verlinlt«n des Blutdrucks dea jungeti and des 
bejshrten Menschen bei Muakelurbeit. Deutsch. Arch. 1. klin. Med., 1903, vol. 
UxiT. p. 253. 

* Janewaj. Tliernlore C. Some ObserrstionH on the Estimation of Blood- 
gaura in Man, with BspccinI Reference to the Kesults obt&incd with the Newer 
I.%h;gn]omM]ometcrs. N. Y. Urit. Bull, of the Med. Sci., 1901, vol, t, p. 105, 
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clinical method for determining diastolic pressure had been 
brought forward, endeavored to investigate it by a cofnbination 
of sphygmographic tracings and the Riva-Rocci apparatus. 
Masing and myself used an identical method, independently of 
one another, which gave merely approximations and could in 
no way be recommended to-day. 



CHAPTER IV 

THE MODERN SPHYGMOMANOMETERS 

1. IntrodnctioiL 

8. Inftrnments meaforing qritolic pressure only. 

A. Criterion : The return of the pulse-wave under com- 

pression. 

a. General construction. 

b. General method of use. 

c. Riva-Rocci' s sphygmomanometer. 
Special construction and technique. 
Advantages and defects. 

d. Martinis modification with Gumprecht*s manometer. 

e. Cook^s modification. 

Special constniction and technique. 
Advantages and defects. 

B. Criterion : The return of color to the skin of the 

blanched finger. 

a. Gftrtner*s tonometer. 
Special construction. 
Method of use. 
Advantages and defects. 

b. Martin*s modification. 

8. Instruments measuring diastolic pressure. 

A. Criterion : Lowest level of maximum pulsation. 

a. Ilill and Barnard's sphygmometer. 

Construction. 

Method of use. 

Advantages and defects. 
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4. Instnunents meaforing qritolie pretfnre (return of the pulse), 

and affording an approximate eitimate of diartoHc 
prennre (maximum pulsation). 

a^ Stanton*8 sphygmomanometer. 
Special construction and technique. 
Advantages and defects. 

b. Author's sphygmomanometer. 
Special construction and technique. 
Advantages and defects. 

5. Inftrumenti meainring accurately both qritolie prcMore (return 

of the pulse) and diaitolic prcMore (maximimi pulsa- 
tion) by graphic record. 

a. Erlanger's sphygmomanometer. 
Special construction. 
Method of use. 
Advantages and defects. 

6. Comparison of resnlts obtained with the yarioni sphygmomi^ 

nometers. 

7. Blood-preienre records. 



8. Practical suggestione. 

A. The choice of a sphygmomanometer. 

B. Minor details. 



CHAPTER rV 

THE MODERN SPHYGMOMANOMETERS 
1. INTRODUCTION 

The gradual development of various sphygmomanometers 
from which one may clioose a clinical instrument to-day, has 
been unfortunate in breeding more partisan bias and personal 
feeling than should find a place in the quest of scientific accu- 
racy; but this evil has not beeu without its good side. It has 
led to the rigid scrutiny of each new instrument brought for- 
ward, and a diligent search for its faults. The result, we have 
seen, has been to leave the method of circular compression in 
full possession of the field. When complying with the require- 
ment that the compressing surface shall bear a definite propor- 
tion to the circumference of the part to which it is applied, the 
error involved is negligible for clinical purposes. The values 
so obtained for the blood-pressure are comparable from indi- 
vidual to individual, and are almost entirely independent of 
differences in the soft parts overlying the vessel. An armlet 
of 12 cm, width is ade<iuate for any but the most enormous 
arms. 

The investigations which have led to this conclusion have 
been of recent date, and practically all our data relating to 
human blood -pressure are from instrument* using a narrower 
compressing surface. These will be described severally in the 
latest form in which they are purchasable, but no instniment 
with a narrow armlet should be used. One may easily substi- 
tute a wide cuff in any of the forms described. 



2. INSTRUMENTS MEASURING SYSTOLIC END- 
PRESSURE ONLY 
A. Criterion: The Setnra of the FnUe-wave under Comprei- 
^n (see i)age '1'^). — For all in-itruments the general construc- 
tion and method ot use are the same. 
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a, Oenerol Constntctioa. — Essential Farts: A, manoin- 
eter; B, conipressing armlet; C. inflatmg apparatus. 

Accessory Parts : D, connecting tubing with air-tight j 
joints; E. valve or pinch-c<K?k for the slow release of pressure. 

b. General Hethod of TTie. — The armlet io fastened snugly 
(see page 5'i) alwut the arm or thigh at the level of the heart 
(see page ^'.>). On the thigh tliis necessitates the recumbent 

■ posture. The 6nger ordmarily used for palpating the pulse is 
then placed on the radial, or the dorsalis pedis, and the patient 
instructed to relax the limh completely (see page lil). With 
the other hand the pressure is then raised steadily by means of . 
the inflating appanitus. When the volume of the pulse b^na 
to diminish, the jiressure is increased verj- slowly until the | 
■ ' pulse disappears, then released as gradually as possible until | 
its return is detected. The height of the manometer column , 
at which this occurs is note<l, and the pressure raised just I 
enough to again obliterate the pulse. It is allowed to fall a ,1 
second time and another reading made. If the two points cor- J 
respond within 5 mm. of one another, the average may be taken 1 
as the systolic bltxxl-pressure at the time of ol>«ervation. If ] 
the readings fail to approximate so nearly, one nmst wait a ' 
couple of minutes and determine anew. 

e. EiTft-Kocci'i Sphygmomanometer.' — Speciai. Constroo- | 
TION.— A. The mercury numonietei- is of cistern form. The j 
tube carries Ix-hind it a metal scale gra«liiate<l in millimeteiB 
from 40 to 2l>0 mm. The cistern is of heavy gla.ss with two 
tubes entering it, one for the attachment of the inflating bulb, 
the other for the tube leading to the arnilet. The latter 
of these is pro%-ided with a screw-valve (E) for the gradual 
lowering of pressure. The whole stands on a solid metal base. 

B. The armlet consists of a hollow rubber tube covered 
with sillt, of 4i cm. diameter. It is provide<l with a special , 
clamp for fastening in place on the arm. Near its closed end 
is inserte<l a small tube (D) leading to the manometer. 

C C '. The inflating apjiaratuB is a Richardson double bulb, 
such as use<l for a thernto-cautery. 

Special TECHNiyUK. — The armlet is place<l about the arm 

and the open end secured firmly in the clamp. The pressure 

is best raised by means of the terminal bulb (C) until the pulse 

< Uiva-llocci. OttZ. Med. di Toriuo, 1890, Nos. G1, 52. 
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has nearly disapi>eared, then the final ffradual compression and 
' release regulated from the distended second bulb (C ')■ This 
f requires some practice and. for high pressure, a little strength, 
but it saves enough time tii be worth sicquiring. If not pos- 
sible, then the slow lowering of pressure must be accomplished 
with the screw-valve (E), 

AUVANTACKK. — It iw the original instrument. The ma- 
nmiH.t.T sl.-iuas Hrnilv ami 111,- s.-nlf is .-asilv n-.ui. |1 is nnt 




l-'lu. UL— KiVA-li'K.', 
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t easily broken. The armlet can be neatly adjusted, 
double bulb inflation retpiires no special knack. 
Defects. — The manometer is not easily portable. The 
armlet possesses the fatal defect of too small width (see page 
67). Tlie double bulb a« an inflator consumes an unneces-sary 
amount of time and is not very durable. The connecting tubes 
are of distensible rubber. 
Makers.— ZambelH & Co., Turin, Italy. 
Cost. — In Gerumny, 45 murks. Can be obtained in the 
United States only by importation. 



80 



THE MODERN SPHYGMOMANOMETERS 



d. Martin's' Hodification with Gnmpreoht'a Kanometer.^T 
BubntituteH a mutiomutor with glass ci»ttirn of larger capa^it^j 
in order in nmke the zero point accurate; also a 10 cin. 
with an improvM clamp. The manometer, armlet, hulb, 
an outlet tube clt>»ed by a pinch-cock are connected through a 
-l-way glasB tube. 

This iivercomes the chief defects of the original instrument, 
but tht! mimnmi'ter in not easily portable. 
Makkkh.— l_!i'liriko, Jena, Germany. 

e. Cook'B Modification.'— This is the most widely used insti 
meut iji this country and has done most to arouse interest 
the study of blood-pressure. 

Special Construction. — A. An ingenious portable 
nometer with jointed tube; caUbre 1 mm. 

B, A simple and cheap armlet, consisting of a narrow ml 
ber.bag, 4i by 40 cm., covered with canvas and fastening wil 
hook and eye under a band. 

C C '. Richardson's double bulb for inflation 

D. A glass T canuln joining the connecting tubes from 
manomet«^r, armlet, and bulb. 

E. A pinch-cock on a small branch tube for the release of 
pressure. This is intro<iuced near the manometer by means of 
a second glass T canula. 

SrEClAL Technii^ue.— This is practica.lly the same as for' 
the Riva-Rocci, except that the armlet is fastened by 
the open end under the band on the closed end and hooking 
it into one of the series of eyelets. Care must be used to see 
that the upper joint of the manometer tube is inserted securely. 
For those who are unable to control the pretsure from the 
second bulb (C), a very gentle squeezing of the pinch-oock 
will allow slow escape of the air. In packing the instrum^it, 
this pinch-cock must be placed on the tube connected with 
neck of the manometer reservoir, or mercurj- will be 

Advantaobs. — It is exceedingly simple, hght and 
pact; therefore well fitted for general chnical use. 

Defects. — The manometer doee not stand firmly and ia, 

> UanJD. Allred. MQnch. nicd. WochpDSchr.. 1903. L<, pp. 1031 Mill KTl 
*Cook, H. W. Blcud-pressure Pel ermi nations in Goccnl Practiw: T 

tradndng a Pmctic*! Instrument for ttoutinv L'sn. Jour. Aia. Med. Asa^ IM 

ToL id, p. IIW. 
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readily broken, at loaat in my oxperience. Without care in 
packing, the mercury is apt to be spilled. The scale is not 
easily read and the tube cahbre is too small. The connections 
are made with distensible rubber tubing. All these defects 
would be compensated for by its simplicity and compactness, 
but it possesses, like its original model, the serious defect of 
providing much too narrow an armlet (see page 57). Its read- 
ings, therefore, tend to be too high in all adults, much too 




Fi8 as.— Cwi 
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high in stout ones. In children this does not enter into the 
consideration, and the instnuuent was first used by Dr. Cook 
in a children's hospital. For comparative readings on the 
same patient the error will be constant and neghgible, thus it 
may be used in surgical operations and acute disease for fol- 
lowing variations in tension, but its results are not trustworthy 
for diagnosis. 

Makebs. — Eimerand Amend, 205-211 Third Avenue, New 
York city. 

Cost. — Complete in case, $8.50 net. 

They also make a form with one piece manometer for hoa- 
I pital use, where portability is unnecessary. Cost, $6.50 net. 
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An instrument practically identical vnth Cook's bospita 
form, except that the manomt'ter is modelled after Gartner's, 
and has a more legible scale and broader foot, is made by The 
F. H. Thomas Co., 707 Boylston Street, Boston, Mass. This 
al80 is sold at tC.50 net. It is not p-irtable. 

B, Criterion : Tlie retnni of color to the skin of the blanched 
finger (see page r.C). a. Gartner'a Tonometer.' — This is thu only 
instrument using the above criterion. Intn>duood by Pn>f , Gart- 
ner in the summer of 18ilti, it has acliieved a wide popularity. 
In its essential parts it does not differ from the instnuneiits of 
the Riva-Rocci type, save that the circular compression is ' 
applied by a ring to the hnger. The plate shows its coo- 
Btruction. 

Special Construction. — A. The mercury manometer, of 1 
simple cistern form, stands firmly on a broad foot. The paste- I 
board scale, graduated in 0.6 cm. divisions from to 2C c 
readily seen at a distance. It is not easily carrie<), and for thia I 
purpose a metal noanometer is furnished, which cannot bs I 
trusted without frequent standardizing. 

B. The pneumatic ring, the original feature of the apparatus, J 
consists in a metal ring 1.5 cm. in width, lined with a rubber i 
membrane which leaves a hollow, but air-tight sjiace betweffli 1 
it and the metal. At one point the outer ring is pierced by a 
metal tube, through which the interior air space is connected | 
with a tube leading to the manometer and inflator. 

C. A rubber ball or bulb, without valve, is used for inflat- 
ing. The slow reduction of pressure is insured by placing the 
ball between the jaws of a simple vice (E). This is allowed to 
open slowly by turning the nut which runs on a screw thread. 
The bulb is put in circuit with the manometer and ring hf I 
stiff tubing and a T canula (D). 

F. A compressor, by means of which the finger can 1 
rendered bloodless, is the remaining accessory. It consists (rf j 
a rubber membrane stretched over the head of a small mettd*] 
cylinder. 

Method of Use. — A pneiunatic ring of suitable e 
placed on the second plialanx of the middle or ring finger, 
which must be at the level of the heart and must also be per- 
fectly warm. The last phalanx is then rendered bloodless by 
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Bqueezisg the compreBBor over it. This is held in place until 
the pressure in the ring is raised above the expected systolic 
blood-presBure by means of the bulb. The _ 

then removed from the f 
gor-tip and the vice which holds the bulb 
allowed to open slowly. As it does, the air 
gradually returns from the ring into the 
bulb and the pressure in the whole system 
falls. The finger-tip is watched intently 
and, at a certain point, it is seen to flush 
suddenly; then the height of the manometer 
column is taken. At about the same time 
the patient is conscious of a throb. In some 
, if the pressure be reduced very gen- 
tly, the throb will be a few mm. Hg. lower 
than the first fluab and will be accompa- 
nie<l by a 
ing of it. The 
manometer read- 
ing at the instant 
the color returns 
represents, with 
the reservations 
made heretofore 
(see page 06), the 
BystoUc end-prea- 
e in the digital 
arteries. 




i 



Advantages. — In most cases the easy perception of the 
return of color to the finger gives this method a strong recom- 
mendation. It retiuires no special skill m its appUcation. 
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Defects. — Unfortunately these are numerous enough to I 
outweigh the advantages, and the majority of careful observ- T 
era, in this country as abroad, have adopted metliods which can 1 
he applied to the arm. These defects are due in part to badly 
fitting rings (see page 5(>), unless one have a large assortment 
of sizes, or to careless application {see page fiO); in part to 
insufficient width of the compressing surface (see page bit). 
Most important of all, and least remediable, are the errors in- 
herent in all methods which measure blood -pressure in arteries J 
so small and bo near the periphery as the digitals (see page 68), f 
and the failure of the criterion to work in a certain number (rf | 
patients. 

The instrument is not sufficiently portable for all purposesJ 
and IB used with difficulty on imconscious, delirious or at 
tbetized patients. 

Maker. — Franz HugershofF, Leipzig, Carolinenstrasse 13, \ 
Germany. 

Cost. — 25 marks 50 pfennig. With metal manometer, 3ft 1 
marks. At times may be found at instrument dealers in the I 
United States without special importation. 

b, Mattin'a modification. — This consists only in the subetito* I 
tion of a small modified Riva-Rocci tube, of 2.5 cm. width, !<a 9 
the pneumatic ring. Martin ' has de\iBed a special clamp for | 
this and has eliminate*! the technical defects of the instrument, 4 
but not the errors of the method, 

These rings may be had of Hanhart & Co., Zmich, I 
Switzerland. 



3. INSTRUMENTS MEASURING DIASTOLIC 
PRESSURE 

A. Criterion: Lowest level of maximum puliation (see pi 
ei'.\). a. Hill and Barnard's Sphygmometer,' — This is the sole 1 
instrument of this class which can be considered a modem I 
sphygmomanometer, Oliver's haimodynamometer employing J 
the faulty v. Basch method of compressing the artery. The] 



' Martin, Alfred. MOnoh. med. Wooliensohr. Ifl03. V. p. 1072. 

* Hill, LcoiiarJ, uid BorDard, Harold. British Med. Jour., 1897, voL 1^1 
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I imporfjint parts, except for the type of manometer ueed, are 
I fuialogoiis with thoso of the Riva-Rocci, and are seen in 
I the cut. 

Spbcial Construction. — A. A delicate metal manometer 
or spring tambour. The dial is graduated in recent instru- 
ments from 30 to 250 mm. Hg,, each subdivision representing 
8 mm. The needle magnifies considerably the oscillations of 
the pulse-wave. The stem of the manometer has a lateral 
branch, to which the tube leading from the armlet is attached 
by a screw -cap connection; and a straight branch, to which 
the pump is attached. 

B. The armlet consists of a hollow rubber bag, 5 cm. wide 
and about SO cm. long, with the connecting tube (D) cemented 




L 



into its centre. It is attached to an outer leather cuff which 
buckles around the arm. 

C. The inflating apparatus is a pump, like a band bicycle 
ptmip. At E is a valve for the slow esc-ape of the air. 

Method of Use. — The cuff is buckled snugly around the 
arm, with the same precautions as for the Riva-Rocci armlet, 
and with the outlet tube directed anteriorly. The pressure is 
then raised slowly and steadily with the pnmp. Soon the 
needle will be seen to pulsate. Its oscillations will increase 
until they cover a nimiber of miUimeters of the scale, then 
gradually decrease as the pressure is further raised. The 
manometer reading at which they first become most extensive 
is taken. The pressure is then allowed to fall Blowly by turn- 



ing the wheel whieli releases the valve, and the last point ot I 
greatest oacillation of the needle is noted on tho descent. Thia | 
should correspond closely with the previous reading and their * 
average represents the diastolic pressure. Hill recommended 
taking the mid-point of maximum oscillation, which he thought 
corresponded with mean blood- pressure, but this is an indefinite 
guide (see page OD), and the method I havo given should be 
followed. 

Advantages. — The construction and finish of the instru- 
ment are admirable; it is easily carried in its leather case, ia 
not difficult to use, and seemed at first an almost ideal clinical 
method. 

Defects. — Like all delicate metal manometers, the readings 
tend to become inaccurate. One which I use<l during 1!H)0 and 
1901, registered 2C mm. Ux> high at the end of a year. It 
needs to be standardized frequently by comparison with a 
mercury manometer, which is irksome. The manometer » 
also difficult of rejiair in this country, a considerable draw- 
back to so costly an apparatus. It has the narrow cuff, with , 
its inherent errors; though a wide one might of course be sub- 
stituted for it. In addition, in certain important cases, such as 
aortic insufficiency and high tension, the determination of the 
exact lower limit of maximal oscillation is not always easy, and 
I am inclined to the view that, for clinical purposes, the knowl- 
edge of diastolic pressure alone is not so valuable as that of 
systolic. The latter may be determined with this instnmient, 
as with the Riva-Rocci, by the disappearance or return of the i 
pulse; but the upper limit of use, 240 mm., has not sufficed for 
many cases in my experience. The statement made by some 
who use it, that systolic pressure corresponds with the point at 
which the needle no longer shows movement, is quite mistaken. 
Marey, in his original work on the subject (see page 50), 
pointed this out, and Howell and Brush ' have demonstrated it 
conclusively. With a maximum manometer in the artery, 
they found the pulse-wave carried over to the sphygmomanom- 
eter as much as 20 mm. beyond the level of maximum pres- 
sure. This undoubtedly is due to the fact that only the middle i 
of the portion of artery under the bag is compressed, the upper j 
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[ part Btill remaining open anil the piil»e in it striking against 
I the armlot.' 

Makbrs. — J. Hicks, Lnndun, Eng.; agents for tlio United 
' States, Oelschlager Bros,, i'i Eaat Twenty-third Street, New 
York city. 

Cost.— In the United States, ♦40. 



4, INSTRUMENTS MEASURING SYSTOLIC PRESSURE 
(Return of the Pulse) AND AFFORDING AN APPROX- 
IMATE ESTIMATE OF DIASTOLIC PRESSURE (Max- 
imum Pulsation) 

By using an armlot whose expansion outward is entirely 
hindered by a stiff cutf, connected with a wide cahbre manom- 
eter by stiif-wallod tubing, the pulse-wave can be transmit- 
ted to the mercury column. The latt«r does not, of course, 
' follow the cardiac variations in arterial pressure quantitatively 
(see page 5), but the movements of the mercury are of suffi- 
[ dent extent to make an approximate reading of the lower 
limit of maximum oscillation possible. With rapid and small 
pulses this becomes difficult or impossible, hut in the average 
I Case the column fluctuates C mm. to 10 mm. at its greatest. 
In pulses of high tension and in aortic insufficiency, where a 
[ knowledge of diastolic as well as systolic pressure is especially 
' important, the column may show, as in a case I observed re- 
tntly, a pulse movement of as much as 40 mm. 
Two instruments recently brought forward in this country 
have the requisite conatrnctitin for this purpose. 

A. Stanton'i Sphygmomanometer.* — Special Constructiok. 
— Stanton was the firr*t in this country to adopt the wider armlet 
and to construct a clinical ini^trument free from serious defect. 
His sphygmomanometer differs from tlie Kiva-Rocci chiefly in 
the compressing and inflating devices. The former (P) is a 
hollow rubber bag, .3j inches (8 cm.) wide and 10 inches long, 
closed at both ends, and prevented from expanding outward 
by a cuflf of double thick canvas, reinforceti by tin stripe. A 
glass connecting ttilw is inserted at the centre of the rubber 

' See iliagram page 57. The portion of arler; ABC would not be com- 
pletdj collnpseJ. 

* SUQtoD, W. B. Univ. of Penn. Ued. Bull, 1908, toL xt, p. 466. 
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bag by raeana of a hollow valve stem, such as is used fur bi- 
cycle tires. This is connected by the stiff-walled rubber tube I 
(Q) with the manometer, which consists of a metal cistern ' 
(C) connected by a metal tube with the glass upright tube and I 
scale (B), which can be imscrewed for carrying. The relative J 
diameters of cistern and column are 100 to 1, thus affording 
an accurate zero point. The cistern (C) is covere<l by a screw- | 
cap with a T-tube, one branch of which connects with the J 
armlet, the other with the bulb. At B is a screw valve for] 
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gradual release, at A a stcip-cock to shut off the inflator. 
Stanton uses a single rubber bulb, such as is found on atom- 
izers, for the latter. 

To carry the apparatus, the bulb is removed from the T at 1 
and the cap 1 screwed in, cap 2 similarly closing the other 
entrance 2, from which the armlet and tube G are discon- 
nected. The manometer is then tilted on its side until the 
mercury h:is all run int*) the cistern, the upright glass tube is 
unscrewed, and its place filled by the cap 3. 

Special Technique.— The methoils of estimating systolic 
and diastolic pressures are the same as those descrilred for the 
Riva-Rocci and Hill and Barnard inBtruments respectively. 
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The armlet is applied snugly, folding in any extra length of 
the rubber cuff, if the arm be small. The manometer column 
should be inspected to see that it stands at 0, the armlet then 
connected with the manometer, the valve (B) closed, and the 
stop-cock (A) opene<l. The bulb is squeezed as shown until 
the pulse disappears, when the stop-cock (A) is closed. The 
pressure is gradually lowered by unscrewing B, noting the re- 
turn of the pulse and the lowest point at which maximum 
pulsation of the mercury tx-curs. The precautions necessary 
in noting the oscillation of the mercury will be explained in 
connection with the author's sphygmomanometer. 

Advantages. — The greatest recommendation of this in- 
strument is the fact of its throwing light on the diastolic pres- 
sure, while measuring the systoUc with the same ease as the 
ordinary forms of the Riva-Rucci. Of course it does not give 
measurements which compare with those of Erlanger's graphic 
method, or Musso's, but the latter are unijuestionably too 
bulky and too elaborate for general use. This sphygmoma- 
nometer also has an armlet wide enough for the majority of 
cases, though not so absolutely free from error as a 13 cm. one. 

Defects. — It seems to me unfortunate not to adopt the 
full 12 cm. armlet, for on arms of over 30 cm., and they are 
not very rare, some error must be present. I must admit the 
awkwardness of the wider cuff, but this should be a minor 
consideration. Beyond this, the instrument possesses no de- 
fect, save that it is not quite so readily portable as those devised 
by Cook and by the author. It is an excellent and ingenious 
clinical instrument. 

Makers. — The Arthur H. Thomas Co., southwest corner 
Twelfth and Wahiut Streets, Philadelphia, Pa. 

Cost. — Complete in carrying ciise, $30. 

B. The Author's Sphy^omanometer. — Special Construc- 
tion. — This instnmient was devised by me after much hesita- 
tion, for I had no wish to increase the number of existing 
sphygmomanometers. It was the result of a desire to possess 
a really portable clinical instrument in which, nevertheless, no 
essential accuracy should be sacrificed. The only original 
feature is the folding U tube manometer (A). This is shown 
in the plate in position for use. For carrj'ing, the upper joint 
of the manometer tube is removed and shpped through the 
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rings to the right. The oj^n end of the U is then closed hy a | 
small cork (F) ; the other end is closed automatically when tlie 




i 



case is shut, by a block which compresses the rubber joint 
(G). The scale is slid down, the Politzer bag (C) removed ■ 
from the stop-cock (E), which contains a needle- valve for slow 
release of pressure. This stop-cock Is allowed to slip under a ^ 
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spring (H), as the case cloaes, The hd, to the under side of 
which the manometer is fastened, is then closed by dropping 
the catches which hold it behind and folding down the hinge 
at the left, the lower end of the lid sliding back in a groove. 
The whole, when closed, measures lo^ X 4| X 1^ inches and, 
with the armlet and tnilator, weiglis 3^ pounds. The manom- 
eter tube has a c-alibre of 3 nun. and all the connectiona are 
of heavy pressure tubing. The amilet (B) is a hollow rubber 
bag, 12 cm. wide by IS cm. long, with an outer leather cuff 
15 X 33 cm., fastene<l, as the illustration shows, by two straps 
with friction buckles which will catch at any point. The 
buckle employed makes adjustment to different arms much 
easier than the ordinary tongue buckle. Experience with the 
latter has taught mo that <jno hole may be too tight and the 
next too lofise. For the inflating mechanism I have followed 
Erlanger in adopting the ordinary Potitzor bag, though I find 
one with the valve necessary to fill the 12 em. armlet. The 
needle-valve is manipulated with ease, even by a novice, 
and allows a very gradual or a sudden lowering of pressure 
e*inally well. 

As accurate manometer tubes cannot be made in this coun- 
try, each scale is graduated empirically, the reading at each 
point being the exact difference between the level of the two 
coliunns of mercury. The instruments are therefore accurate. 

Special Technique. — The procedure in general is the 
same as with Stanton's instrument. The armlet ia buckled on, 
overlapping the ends if the arm be small. The outlet tube 
should be directed anteriorly. The scale of the manometer ia 
then set with the zero point at the level of the two mercury 
columns, and the security of the upper joint of the tube tested. 
The finger ordinarily used for palpating the pulse is then 
placed on the artery at the wrist. If the left hand is employed 
for this, the left arm of the patient should be used. The other 
hand grasps the Politzer bag firmly and raises the pressure 
until the pulse is obliterated, then releases it very slowly and 
steadily until it returns. This gives the systolic pressure. 
With high tension pulses the Politzer bag may not contain air 
enough to raise the pressure to the point of obliteration, as the 
Vi cm. armlet has a considerable cubic volume. If this ia 
found, close the stop-cock (E) while the PoUtzer refills, then 
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open slowly while stjueezing the Politzer, and the preaauro can 
be carried as high as desired. Then cluae the stop-cock, place 
the finger on the pulse, and with the other hand open the cock 
slowly until the air begins to escape through the needle-valve. 
In this way lower the pressure very gradually until the return 
of the pulse is detected. Then carry the pressure a little 
higher and repeat. This time, after the pulse is detected, 
allow the pressure to fall 5 or 10 mm. at a time until the lowest 
' point of maximum oscillation of the manometer column is de- 
termined. If any air remains in the apparatus, remove the 
PoUtzer hag and it will escape. One precaution must be ob- 
served, namely, to allow time after each fall in pressure for the 
mercury to recover from the procedure, before comparing its 
oscillations with those at the previous level. If the drop has 
been sudden there will be a rebound of the column, which will 
make the first few pulsations abnormally lai^e. The respira- 
tory variations in size of the pulse are quite evident in some 
patients, and at least ten to twenty oscillations sliould be ob- 
served at each level to obtain au average. I think it usually 
wise to make a rough approximation first, by allowing the 
pressure to fall 10 mm. at a time; then, after releasing all the 
pressure, to return to just above the point thus determined and 
make a careful estimation at 5 mm. intervals. When the 
greatest fluctuation of the column does not exceed 6 mm., it is 
not possible to form any judgment, and the same holds good 
when the pulse is very rapid. Too small amphtude of pulsa- 
tion is a direct effect of a lix»8e adjustment of the cuflF, and this 
should be inspected before giving up the attempt to find the 
diastohc pressure. 

Advantages and Defects. — These will perhaps be 
brought out more clearly in the hands of others. As a port- 
able sphygmomanometer it is second only to Cook's, which has 
not proved substantial in my hands or those of my hospital in- 
ternes, and which also lacks the wide armlet, It, and Stan- 
ton's form, are the only simple instruments with which one 
may approximate diastolic pressure, besides measuring sys- 
tohc. It seems to me more compact and portable than the 
latter, as well as Ics^ complicate<l and expensive. I might add 
that no attempt has been made to have the case contain the 
non-breakable armlet and infiator, which would add materially 
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to the weight. These, with the manometer, will fit in the 
bottom of any common hand-b^, with one's other instru- 
ments. 

Makers. — Charles E. Dressier & Bro., 145 East Twenty- 
third Street, New York city. 

Cost.— Complete, tl4.00. 

For my hospital use I have designed a similar instrument, 
but with one-piece manometer, and a box which does not close. 
Mr. Dressier can make these to order. 

For physiolf^cal instruction in medical schools, the armlet 
and inflator can easily bo attached to the regular laboratory ' , 
manometers. 



5. INSTRUMENTS MEASURING ACCURATELY BOTH 
SYSTOLIC PRESSURE (Return of the Putsei AND 
DIASTOLIC PRESSURE (Maximum Pulsation) BY 
GRAPI+IC RECORD. 

Erlanger's Sphygmomanometer.' — In its improved form this is 
one of the latest, and certainly is the most accurate addition to 
our means of determining human blood-pressures. It emplojrg 
the same criteria as the previous instruments, but the return 
of the pulse and the point of maximum pulsation are both 
made so clearly visible, that the subjective errors are min- ' 
imized. 

Special Construction. — The mechanism of this instru- 
ment is more complicated than of those previously described, 
and thoroughly original, but the only essential difference is the 
addition of a recording device. Fig. 27 shows the whole appa- 
ratus in perspective. The U-tubo manometer connects with a 
4-way tube, one branch of which leads to the armlet, another 
(F) to the special stop-cock (C D), which will be described 
later, and through it to the infiator. The vertical branch (to 
PS) communicates with the interior of a rubber bulb (B), en- 
closed in a heavy glass bulb (G), like Marey's sphygmoscope, 
which, under certain conditions, opens freely to the atmosphere 
through the tube E. The object of this device is to shield the 
delicate tambour from too sudden changes of pressure, which 

' ErlangiT, Josepli. Ain. Jour. o( I'liysiol., IWM, vul. x, PrwceU, o( Am, j 
PhysioL Soo., p. liv. 



might rupture the diaphragm. The tambour ih connected with 
the air enclosed in the glass bulb (G), and inacribes its pulsa- 
tions by an aluniiuum lever, as an ample tracing on the re- 
volving drum. The pinion designated in the figure allows the 
tambour to be rotated, so that the lever may be brought to 
bear on the drum, or removed from it. The tracing is made 
on smoked pajier, instead of black on white, as the figure, on 
account of the technical limitations of a line drawing, repre- 
sents it. The drum lias two speeds, the faster obtained by 
removing the fan, and is controlled by a lever, which projects 
through the slot on the fac* of the box covering the clock- 
work. The base and l>ack are of wood, and a wooden c 
provided for carrying, with a han- 
dle on its top. The whole appara- 
tus is considerably larger than an 
ordinary microscope and case, and 
of about the same weight. 

The compressing armlet is a 
rubl)er bag, Vi by l(i cm., with an 
outer leather cuff, fastening by 
three buckles, A Politzer Itag is 
used for inflation. All rubber 
tubing is the heaviest obtain- 
able, BO that no loss of the pnlse- 
wave occurs during transmission. 

The details of the stop-cock and recording mechanism may 
be more easily explained by reference to the mechanical draw- 
ings, kindly loaned me by Dr. Erlanger. The former, in which 
the whole technique of use centres, is the most ingenious feat- 
ure of the apparatus. It consists of a brass plug C, fitting in 
a barrel which is surmounted by a dial D. Fig. 28 shows this 
from above. The head of the plug (C) carries a pointer (P), 
the shaft of which terminates at its opjjosite end in a pawl (R). 
This pawl catches lightly, with a click, like the triple nose- 
piece of a microscope, in certain grooves on the dial. The 
grooves mark important positions of the stop-cock, and are 
designated " In," " Out," 1 and 'i. At any intermediate point, 
no connection exists through the stop-cock, and the manom- 
eter, tambour, and armlet make a closed circuit, the tambour 
then r^stering the pulsation in the arm, and the manometer 




(Prom Dr. Erlsugur'a drawioe.) 
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the absolute height of pressure in the whole system. The mi- 
nnte opening (O) in the tambour, prevents suction on the dia- 
phragm during slow release of the pressure, but it is too small 




Sror-cuoK at 



EbLAHOIB'h BTHTOMOIUHOnnM. 



Above and belnw tlio vertical mediaa neclion of nlop-cock >ro horitnnul (ectionn, 
ths upper at Ivvul of tube E, tlie loner at level of tube F. (From Dr. ErUiiger'ii 
dnniog.) 

to influence the trace caused by the rapid pressure variations 
of the pulse- wave. When the pointer is set at "In," as in 
Fig. 28, the stop-cock makes the connection shown in Fig. 29. 
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The manometer, armlet, and pressure apace (PS), inside the 
rubber bulb (B). are in circuit, through the tube (F), with the 
inflator attached to the tube " In." The air within the glaas 
bulb (Q) which communicates with the tambour, marked T S 
(tambour space), is open freely to the exterior through the 
tube (E), which eonnecta with a vertical bore in the center o£ 
the stop-cock (C). Thus, as the pressure in the apparatus is 




Fid. 10.— Duorahmatid emcnoNB or Fia. M.~T)ia«ra 

Ai IV Fio. 3U. Pon- I 
"OUT." (Ftom Dr. Erlanger's noti I. (From Dr. ErloDgor'a driio- | 

dimwing.) iag.) 

raised and the bulb (B) expands, air is displaced out of T B, 
and the lever of the tambour does not change its position, 
except for a moment. By a alight turn of the stop-cock all 
these connections are broken, and the lever (L) begius to 
write, for the pulsations of the arm are reproduced by the 
bulb (B), and the air forced in and out of T S can only go to 
the tambour. 

Fig, 30 shows the position " Out." Here the inflator is cut I 
ofiE, the tube (F), which leads to the whole manometer system, j 
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opens to the air through a bore in the bottom of the etop-cock, ] 
and T S again communicates with the exterior through E. In I 
this position the pressure on the arm is immediately removed, I 
but the tambour is protected from the violent change. 

Fig. 31 shows position 1, which is used for the slow release I 
of pressure in making measurements. The pressure space I 
(P S) inside B, communicates with the iine capillary 1, in the 1 
bottom of the plug (C). The air escapes gradually through j 
this, and the bulb B becomes smaller. The tamWur head and 
lever sink, until the pressure in T S becomes so much leas than 
the atmospheric pressure, that air begins t^j enter through the j 
pinhole (0). The lever then ceases falling, and may even rise J 
as the pressure slowly becomes equalized. The lever continues I 
writing throughout all tliis procedure, reproducing the pulse- ] 
pressure changes of B in undiminished magnitude. Position S 1 
is the same, except that the capillary is a httle larger, and the | 
fall in pressure more rapid. 

Method of Use. — The armlet and inflator are attached to | 
the tubes so designated in Fig. 'il. The clockwork is wound. 
The drum is remove<l, covered with the glazeil paper provided ' 
for the purpose, and lightly smoked. This is done by revolv- 
ing it rapidly in the sooty flame of a fish-tail gas-burner, op 
lamp, or of burning camphor. The smoked cylinder is then | 
set in place, and the instrument is ready for use. 

Turn the stop-cock t*) '"Out," and atljust the armlet snugly. 
Then rotate the stop-cock to " To," and raise the pressure rapidly 
by squeezing the inflator. The systolic pressure may be esti- 
mated in the usual way, by palpating the pulse, as with the 
Riva-Rocci typo of instrument; or Erlaiiger's graphic method 
may be adopted (see pages 7S and 64). Not all casee lend 
themselves to this, m my experience, and the palpation of the 
rettUTi of the pulse may be necessary. For the other method, 
raise the pressure well (about 50 nun.) above the systolic pres- 
sure, then turn the stop-cock to an intermediate point for a foW 
seconds. The pressure wiU fall slightly, owing to adjustment i 
of the cuff, etc. The lever will show small oscillations. Brii^ \ 
the lever to bear on the drum, by turning the pinion-screw, ' 
and set the drum in motion. Now turn the stop-cock to 1 or S, 
preferably the latter, after one has become expert. The lever 
will at first be depressed, then nse slowly, and the tradi^ will , 
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gradually increase in amplitude. Thu tracing and the ma- 
nometer must both be closely wat«hed, and the moment the 
pressure falls below the systolic pressure in the artery, the 
tracing will show an abrupt increase in size, usually with a 
depression of the lever (see Fig. 20). The manometer must 
be read off at this point, which gives the systolic pressure. 
This abrupt change is clearer with the more rapid fall of pres- 
sure through capillary 2, but it requires more practice to read 
the manometer at the exact moment. To determine the dia- 
stolic pressure, allow the tiir to continue escaping slowly until 




At 310 mm. Ihe retuni of tho pul«e indicated irMollo praBBiir«i though the tnMo doM | 

not show tho abrupt ineream elenrly. 
At 135 miu. is ibu 1o»i»t limit of niniimal pulsatiaa ; dlaalullc pnHi<u[e (marked Hid.). 

the pulsations show a distinct decrea.<<e in amplitude. The last 
point at which they are of maximum ht^ight is the diastolic 
pressure (see jiage 69). 

During the fall in pressure, a decrease in amphtude often 
occurs shortly after the systolic pressure has been reached, 
with suhsetpient increase. Fig. [i'i shows these two maxima. 
The lower ia umiuestionably at the diastolic pressure. Erlan- 
ger considers the first decrease due to the rapid re-entrance of 
blood to the arm, tho later increase coming when the vessels 
have been fully distended. This method gives a close ap- 
proximation of diastolic pressure, but the following is mora 
accurate. , 
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Raiee the pressure a little alxive the approximate diastolic, 
and, by manipulating the stop-cock, allow it to fall by steps of 
5 mm., with the drum at slow speed. Take a record of t«a op 
twenty pulses at each point, and the lowest pressure at which 
maximum amplitude of pulsation is obtained will be very 
evident, as in Fig, 32. 

Advantages. — This is unquestionably the most accurate j 
sphygmomanometer obtainable. It is also the best from the 
standpoint of workmanship. For the elucidation of physio- 
Ic^cal problems relating to human blood -pressure it is the ideal 
instrument. 

Defects. — The only fault to be found with the apparatus 
is from the side of clinical availability. It is Imlkj-, and im- 
possible to use in private practice, save in one's office. There, 
and in the hospital, I have employed it with ranch satisfaction. 
It requires considerable practice to work it easily, and to keep 
it in good order. Smoking the cylinder, and some of the 
other details, consume more time than can always be spared 
in practice, but the actual measurements take no longer than 
with any other instrument. 

Makers.— The Southern Specialty Company, 'ioili Hollins 
Street, Baltimore, Md. 

Cost.— tar-SO complete. 
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6. COMPARISON OF RESULTS OBTAINED WITH 
THE VARIOUS SPHYGMOMANOMETERS 

A uniforln mctliiKl of bliKxl -pressure measurement is much 
to be desired, and will certainly come mth the general adop- 
tion of the 12 cm. armlet. In the meantime, reports of blood- 
pressure observations by various methods continue to be pub- 
lished. The difference in the readings is sometimes striking, 
particularly when figures from the Hill and Barnard or Mosso 
instruments are compared with tbose of systolic pressure de- 
terminations. The usual readings from Hill and Barnard's 
sphygmometer are neither dinstohc nor systolic pressure, and 
cannot be com^tared with anything, so far as absolute values 
are concerned. 

Of the forms giving systolic pressure, all those using the 
narrow armlet afford higher readings. For ordinary amu 
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and normal tensions, this overestimation amounts to 10 to 35 
mm. With marked bypert^nsion and a large arm, I have 
found a difiference of CO mm. In children a 5 cm. armlet ia 
sufficient. This means that one should know both cu-cumfer- 
ence of arm and tension, in order to correlate the figures, 
rather a difficult condition to fulfil. 

Comparison of Gartner's tonometer with Riva-Rocci's 
sphygmomanometer, by Hayasld,' showed a lower estimation 
with the tonometer. The usual discrepancy was ao mm. ; the 
greatest 30 mm. ; the least lli mm. In normal cases Gartner's 
tonometer would more nearly eciual the readings with a wide 
cuflf, but with higher tension the tonometer also tends to over- 



7. BLOOD-PRESSURE RECORDS 

The value of graphic records is sufficiently obvious to-day 
to need no ai^umeut. We should know little of the character- 
istic temperature curve of typhoid fever, if our idea of it wore 
obtained by reading a long column of figures. The course of 
the blood-proBsure is equally easy to chart, and the curve thus 
obtained tells at a glance what long study of the numerical 
readings would probably fail to convey. In acute disease, or 
during operation, systolic pressure and pulse-rato should be 
charted at regular intervals. In more chronic cases a morn- 
ing and evening record will answer; but, in cases of Bright'a 
where ursemia is feared, frequent observations are quite aa 
essential as tlie temperature reconl in a case of fever. Blood- 
pressure charts were first iiitrfxiuced by Gushing in his opera- 
tive work. One of the most helpful additions to them is Cook 
and Briggs's use of a red line for the pressure, a black one for 
the pulse. The spacing in their chjirts, however, never seemed 
easy to follow. I have searched for a suitable ruling among 
the engineers' papers, but have failed to find it. In conse- 
quence I have worked out a chart for my own use. Instead 
of adopting arbitrary ruling, which may modify the curve, I 
have made 0.5 mm. = 1 mm., the seal© of the U-tube ma- 
nometer. In consequence, the height of the curve above the 

' Hajruki, T. Vcrgloichetide Blutdrui'kmessutigen an Gesunden und 
Kmnkea tnit den Apparaten vod QBrtner, Hiva-Rocci und Frej. iDsug. Dis- 
Hit., ErlaogeD.. 1901, De«emb«r. 
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zero line reppesents the abaoliite pressure, ou the same scale aa 
a tracing from a recording manometer in the pbysiulogical 
laboratory. Each 50 mm. is a double tine, and the 100 and 
150 mm. lines are treble thickness. Between these, the normal 
systolic blood-pressure will usually be found. A single normal 
hne, such as Cook and Briggs adopt, does violence to the facta, 
for reasons which will appear in the next chapter. For a 
similar reason I have been unwilling to couple any particular i 
pulse-rate and tension. In my chart there is but one set uf 
figures, so that the absolute pulse-rate can never be confused 
with the sphygmomanometer reading. To aasist the eye, the 
figures are at both ends of the chart. The vertical ruUngs are 
5 and 10 mm., so arranged that either twice a day, or every 
four, or every three hours, records may be kept equally weU, 
For convenience in the operating room these charts are padded 
in blocks of fifty, and a double-ended pencil is used, marking 
the pressure in red, the pulse in blue. Where diastohc pres- 
sure is kept, a dotted red line indicates it, and a vertical dotted 
red line, connecting systolic und diastolic, represents the pulse 
pressure. The respiration may also be recorded by a dotted 
black or blue lino, an advantage in some cases. 

One of these charts in full size, from a case of lobar pneu- 
monia at City Hospital, is shown in Fig. .33. They are made 
for me by Mr. George W. Buskirk, Thirty-fourth Street and 
Sixth Avenue, New York. Having met so much difficulty ia 
finding a convenient ruled paper for blood -pressure records, I 
have asked Mr. Buskirk to keep some of these charts on hand, 
in case they should be desired by others. 



8. PRACTICAL SUGGESTIONS 
A. The choice of a sphygmomanometer.^The construction of 
an accurate" instrument for the measurement of blood -pressure 
at the bedside ia attended by many difficulties. The moat 
troublesome of these is to combine simplicity and portabihty 
with exactness. As a conse(iuence, the ideal clinical sphyg- 
momanometer has not yet been devised. It must comply with 
the following requirements : 

1. The manometer must be of such construction as to give 
permajiently exact readings. No metal manometer yet in- J 
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PRACTICAL SUGGESTIONS 



' Teateil remains accurate, hence this means the use of a 
properly graduated mercury one. 

2. The compressing armlet must have a width of at least 
12 cm. 

3. The connections must be of practically non-distensible 
' tubing. 

4. It must measure both systolic and diastolic pres- 
I suree. 

5. Its application must be simple and reijuire not more than 
I two or three minutes. 

[ 6. It must be at once substantial, light, and comi>act, so 

[ that it may be easily and safely carried. 

I 7. It should not be too costly. 

' When we test the existing forms of apparatus by tbe»e 

I standards, we find none which are not lacking in some respect. 
The only instrument which can be recommended for experi- 
ments, which demand exact measurements of small differences 
in both systolic and diastolic pressures, is Erlanger's. Unfor- 
tunately it is bulky, requires some time and care for its use, 
and ia rather costly. One must be somewhat acquainted with 
physiological technique to handle it. For office use, and for 
research, I consider it admirable. 

For ordinary clinical, as opposed to careful experimental 
work, Stanton's sphygmomanometer ami the author's are quit« 
accurate enough. The estimation of diastohc pressure is only 
necessary in certain questions of diagnosis. For routine use, 
systolic pressure alone is necessary. This can be obtained 
with Butwitantial accuracy by any instrument using the wide 

, cuff. The only apparatus, except the two mentioned, which 
can be carried about on one's daily rounds, is Cook's. This 

' cannot be relied on for diagnostic information on account of 
its narrow armlet. Where absolute values are unnecessary, 

' and it is only desired to follow the changes in blood-pressure, 
in an attack of ticute disease, or a surgical operation, it is per- 

I fectly adequate. The small cost is a great recommendation. 

' Gartner's tonometer, though much used to-day, I think must 
B place to methods employing the more satisfactory criterion 
of the return of the pulse. 

B. Jiinor detaili, — To fill a manometer with mercury, use a 
medicine dropper. If the tube-calibre is small, the drops of 
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mercury may fail to go down. A fine wire run down the tube 
will send the mercury to the bottom at once. 

Never make a reading with a broken mercury column. 
Either shake it together gently, or blow it up and down with 
the inflator, until the air-bubble is forced out. 

If your sphygmomanometer will not hold the pressure, ex- 
amine all the joints for the leak. If not found, and the armlet 
is air-tight, there is probably a pinhole somewhere in the 
tubing. If it is not possible to get pulsation enough in the 
sphygmomanometer to estimate diastoUc pressure, readjust 
the armlet more snugly before abandoning the attempt to 
measure it. 

Never attempt determinations where there is oedema, much 
muscular twitching, or rigidity. 

Practise using your sphygmomanometer on some normal 
people until you are sure of the method, and know a little of 
the variations of blood-pressure in health, before putting confi- 
dence in your results on patients. Following the effect of l/KK) 
gr. of nitroglycerin for half an hour, is an excellent way of 
acquiring familiarity with the instrument at different pressures. 
Making a diurnal chart is another good practical exercise. 

In all readings for cUnical purposes, have the patient abso- 
lutely at rest. In comparative readings on the same patient, 
the position must be the same, sitting or lying, with the arm 
at the level of the heart. In daily observations, the hour 
should be as nearly as possible the same. 
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CHAPTER V 

BLOOD-PRESSURE IN THE NORMAL MAN 

1. GENERAL CONSIDERATIONS 
In the liumaii l>eing, as in thia experiiinHital animal, the 
bluod- pressure at a f^ven moment depends upon the interplay 
of four factors. The two predominant ones, cardiac ene^y 
and peripheral resistance, are to a high degree variable, but 
at the same time closely correlated through the vaso-motor 
and cardiac centres in the medulUi oblongata. With such 
central control there is no a priori reason why mean fujrtic 
pressure might not be luaiutaiiietl at a practically constant 
level, as is the body temperatm-e, and still leave ample scope 
for the adaptation of blood-suiiply which changing local con- 
ditions demand. Nevertheless, arterial pressure is no such 
constant. Its fluctuations greatly exceed thosG uf the temper- 
ature under normal conditions, though the latter is less abso- 
lute than many persons suppose. Blood-pressure, both in 
health and disease, is more comparable to the rate of the heart 
or the frequency of respiration. Like them it has distinct 
normal upper and lower limits, between which it varies from 
person to person, and in the same individual from moment to 
moment. Like them also, it has wide and less defined limits, 
which it may approach under pathological conditions. To in- 
terpret rightly the blood-pressure iu disease we must first 
study its course in health, under the influence of tliose changes 
in the individual and his environment which we class as 
physiolc^cal. 

The data for tbis have been obtained for the most part with tlie Riva- 
Rocci type ot apparatus and a 5 cm. armlet, or tbe GSi'tncr tonometer. 
In all caHea the inBtmineDt, width of comproHBing surface, etc., will be 
giTon, using the abbreviations to be found in the front of the book. For 
ft comparison of the results of the various tTptv of sphygmomanometer see 
Chapter IV, section C. In no case will figures derived from the v. Bosoh 
or similar form be used in the diacnssioti of abaolnte valnes, bat only 
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wboro comparative retulingB in the same intlividnal nre iuvolved, and hera ] 
with ooDBJderablc scrutinj. The collation of figures relating to blood- , 
prcHsnre will be most difficult nnlil the 12 cm. simlet haa been nniver- 
sally adopted. In tlie meantime it is impeistive that no resnlts be re- 
ported without details as to method and width o( cuff used, and ciicnm- 
ference of arm. In every case sjatulio pleasure is to be understood unless i 
the contrary is apecitically stated. 

2. BLOOD-PRESSURE IN DIFFERENT INDIVIDUALS 

A. Normal Limits and Influence of Age, Sex and Occnp&tion. 
— Ill young ailultH tliere can Im.- little qiu'stiun that 'M mm. 
(R. R.), 80 mm. (G), represents the lowest systolic blood-pros- 
sure that can be considered n(jrmal. The upper boundary is 
more dubious, because the errors Involved in the method, 
especially those inherent in the narrt)w armlet, are on the side 
of overestimation, and it is hard to eliminate the possibility of 
causes for pathological high ttmsion. Fur practical purpusus, 
the greatest height to which systolic pressure may rise under 
purely physiological conditions is of no interest, though it 
might satisfy a harmless curiosity. Avoiding all causes, jsy- 
chical and physical, for an increased blood-pressure, 160 mm. 
(R. R. 5 cm. and G.) is the usually accepted upper limit. 
With the 12 cm. cuff I think 145 mm. wiE prove nearer the 
almolute value. In more than 200 determinations, I have only 
once or twice seen it exceeded by a few mm., except where 
cause for hypertension existed. In the great majority of 
young males 100 to 130 mm. will be found. Females tend to 
have a systolic pressure lower by perhaps 10 nun., but with 
the same general limits. The larger differences sometimes 
found have probably been due to the smaller female arm. 

In children under two years the pressures are undoubtedly 
lower. According to Cook and Briggs, 75 to HO mm. are the 
usual figures. In older children the values are the same as 
the lower ones found for adults, and the limits of variation 
are smaller. These data have much more absolute value than 
our present ones for adults, for two reasona. In children there 
is little Ukdihood of errors due to the size of the arm; and, in 
the second place, beginning cardio-vascular change can be 
practically excludeil. When we come to the other extreme of 
life, both these causes of abnormally high rcadinga ctime into 
prominence. Obesity is far more common after middle age. 
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^^^1 and chaoges in the small vessels may give no other evidence 
^^^1 of their onset than an increased arterial pressure. For these 
^^^1 reasons I think wo must be very cautious in assuming that the 
^^^1 higher pressure so commonly found in elderly people is really 
^^H a nonnal phenomenon; certainly one finds moderate tigures 
^^H even in the aged. In the routine examination of many hun- 
^^^1 dred cases during the last three years, I liave never seen a 
^^H pressure above 180 mm. (R. R. 5 cm.) in a normal person, and 
^^H seldom one above 160 mm. Gumprecht puts 2O0 mm, as the 
^^H upper limit in old people; Hensen, 170 mm. These figures, of 
^^H course, hold goo<l only during phj-sical and mental rest. With 
^^H the broad cuff they should be 30 to 30 mm. lower. If we ask 
^^^ the usual values, not the possible ones, we Bnd that, while in 
childhofxl the blood -pressure is most frequently at its lower 
nonnal levels, after fifty the average is considerably above 

I that of early maturity. One expects 140 to 100 nam. (R, R, 

^^^ 6 cm.), 130 to 145 mm. (Vi cm.). 

^^H The cauae of this rise of blo<^>d-pressure in later hfe has been 

^^^ variously explained by narrowing of the arterioles or of the 

t capillaries, increased viscosity of the blood, and »o on. At least 

we may feel justified in assuming tliat it is due to increasing 

peripheral resistance, whatever be the more remote causes. It 

I manifests itself also in a more sudden and marked reaction than 
follows in the young, when influences which increase pressure 
come into play. This we shall see especially under exertion. 
The influence of occuiKititin on blood-pressure has been little 
studied, but Gumprecht found, in men accustometl to hard 
manual labor, figures similar tu those which obtain in old age. 
Here again the greater muscular development and the fre- 
quency of vascular disease, in the laboring classes, make me 
accept his result** conditionally only. 
For the diastolic pressure few figures can be found in the 
literature. On the basis of several hundred readings in about 
two hundred cases, besides a large number of approximations 
by my former method, I shoiild place tbo normal at 25 to 40 
mm, below the systohc pressure in the same person. This 
liolds good only during rest, for jwsture, exertion, etc., aflfect 
the two pressures une(iually. On the same basis, not as yet a 
perfectly adequate one, the normal limits of diastolic pressure 
would be between (!5 and 1 10 mm. The diastolic pressure 
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tends to vary less than the systolic under most of the condi- 
tions which increase tension, especially the pathological ones. 
It is therefore a less satisfactory guide when taken by itself. 
Taken in connection with systolic pressure it is most valuable. 
Erlanger calls the difference between the two the pulse-pres- 
sure. He and Hooker have shown that, under perfectly nor- 
mal conditions, the product of pulse-pressure by pulse-rate tends 
to remain constant. This is probably a more accurate state- 
ment than Marey's, that blood-pressure and pulse have an in- 
verse relation to one another. 



RivA-Rocci, 5 CM. Armlet. 



Cook and Briggs : 
Children up to two years. 
Children after two years. . 
Young adult males, alMiut 
Women . . 

Gumprecht : 

Children 

Women 

Men 

Ijaborers and aged men.. . 

JIayaski i 

108 healthy children (9-14 
years) 

58 men below sixty (ex- 
cluding some cases of 
disease not excludeil by 
him) 

Women 

Hen sen : 
25 children 

25 healthy laborers (17-30 

years) 

80 healthy women 

Thayer : 
276 healthy individuals 
arrange<l by decades. 

37 cases 1-10 years 

87 cases l(X-20 *' 

81) cases 20-:M) " 

37 cases 30-40 " 

20 cases 40-50 " 

5 cases 50-60 " 

lease 60-70 " 



75- 90 ram, 
90-110 

130 
10- 16 

lower. 
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Hi^hent 



141 mm. 
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170 " 
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(next 135 " 

158 ** 

160 " 



Lowest 
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GlRTNER*s Tonometer, 1.5 cm. Ring. 







Highest. 


Lowest. 


ATerage. 


Doleschal : 
100 persons. 


105-180 mm. 
110-125 »* 

140-150 " 
175 

100-160 " 

80-130 " 
100-110 " 

90-120 " 
80-100 *• 


120 mm. 

100 " 
145 " 

185 " 


85 mm. 

80 " 
80 " 

80 " 


120 ram. 


G&rtner 




Grcbner und GrQnbaum 

II ay ask i : 

108 healthy children 

58 men billow sixty (see 
above) 


97 " 
111 " 


Women 


106 •' 


Jackson : 
Young men, upper limit. . 
Old people, upper limit. . 

Jellinek : 

532 healthy soldiers 

Great majority between . . 

Kapsamer 


120-180 •* 


SchQle: 
Normal limits 




One-half his cases. 

Shaw: 
45 children 


90-100 *• 


Weiss: 

Men, nonnal limits. 

Women, normal limits. . . 





IIiLL AND RaRNARD. 







Highest. 


Lowest. 

(Sitting) 
(Sitting) 


Average. 


Carter : 
Males 




116 mm. 


Females 

Hill 


113 " 
120-125 " 


Jarotzny : 

Adults 


1 10-130 ** 







Pot A IN. 
Potain, with his. instruments, considers 170 mm. the average pressure for 
adults; 140-210 mm. the normal limits. 

V. Basch. 
y. Basch makes 110-140 mm. the normal variation. 150 mm. he considers 
hypertension. 
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From the systolic aud diastolic pressure the mean \ 
can be calculated with considerable accuracy by taking their 1 
arithmetical mean, as Howell and Brush demonstrated (se 
page 34). Since tho form of the pulse-curve is alwaj'sa tri- ] 
angle, with the apex upwards, I feel convinced that the abso- 1 
lute mean pressure, which could only be calculated with some 1 
difficulty, must be nearer the diastolic than the systolic level. ' 
However, the average of the two is quite near enough for 1 
practical purposes. 

The most trustworthy figures for normal human blood- J 
pressure are given on i>atr«» lin and 111. 

B. Inflnenoe of Bize and Temperament — (greater size and I 
body-weight have been shSiI by niiiny writers t<j he attended I 
by higher blood -pressu re. Until this connection has been de- i 
monstrated with the 12 om. armlet, it seems quite probable 1 
that such persoHH have given erroneously high values. 

Temperament seems to have a real influence, from the fact 
that the more excitable and neurotic individuals show a greater 
riae in pressure than the phlegmatic, from tho same psychical 
cause. Tho daily pressure-curve of such persons will have a 
wider range, and single measurements of blood -pressure will 
more often be unduly influenced by excitement or apprehen- 
sion. With this nervous tendency one must reckon in the use 
of the sphygmomanometer for diagnostic purposes. 

3. BLOOD-PRESSURE VARIATIONS IN THE SAME 
INDIVIDUAL 

A. The Periodic Variations.— Tlu'se are evident in the human 1 
being a.s in the animjil. The respiratory and tho Traube-Hering I 
waves, and the other less rhythniicjil but apparently spontane- J 
ous fluctuations in mean blood -pressure (see page 35), must be I 
in mind during every clinical experiment. Tho respiratory i 
waves are usually negligible during quiet breathing, though I 3 
have been able to measure a 10 mm. rise in pressure during-* 
expiration, in some people. In experiments on the effect olT 
exertion, when measurements are made during deep labored'] 
breathing, they will be very evident. Especially must it beJ 
remembered, in comparing the effect of exercise and similaia 
proceduree on the blood-pressure, when investigated with d 
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ferent inatruments, that neither the respiratory nor Traube- 
Hering curves affect systohc and diastolic pressure equally. 
In botli caaes, with the rise in mean pressure there is an in- 
crease in the size of the pulse-wave. This can be seen beauti- 
fully in the curves reproduced by Moaso (Fig. 34). It predi- 
cates a grreater effect on systolic pressure than on diastolic, and 
a consequent divergence in results between the two types of 
cUnical instruments. Exact fibres for the possible pressure 
variations due to these causes are hard to give, but their extent 
in animals, combined with my observations on the changes 
noted in patients from moment to moment, lead me to place 
30 mm. Hg. as the probable maximum rise which may be 




T oest). (HoBsa'a sphrgni.} 

1..1,, leas, vol. sxiil, p. ia2. Fig. T.) 



I 

^^H attributed to them. One sees these larger Suctuations mainly 

^^H in patients with hypertension. Ordinarily, 5 to 10 mm. would 

^^H be a liberal estimate. 

^^H A due appreciation of these facts makes some of the dis- 

^^H crepancios in the findings of different observers intelligible. I 

^^H do not quite agree with Hensen that, in blood-pressure experi- 

^^1 ments, no conclusions must be drawn from changes of 10 or 

^^B 20 mm. Where a chart of the pressure, at intervals of a few 

^^H minute.'^, is kept for a considerable peritMl l)efore and after the 

^^H procedure t^) be investigated, small differences can be accorded 

^^H distinct value. Tliis is especially true if each figure represents 

^^H the average of two or throe successive readings. 
^^H B. The Binmal VariationB. — A record of blood-pressure taken 

^^H at frequent intervals throughout the twenty-four hours shows 
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deviations from the average level more etriking thaii thoee wfl 
have already considered, and of too great extent and too long 
duration to be explained by them. Sueh a chart in sOiown in 
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Fig. 35. Evidently it is a composite record of the effect of 
various physical and mental states on the blood- pressure. It 
would differ from individual to indi%idiial, and somewhat from 
day to day. The total diumal variation from all causes proba- 
bly seldom oxceedB fiO mm. Hg. Such extreme fluctuations 
have not ci>me within my experience. Goldwater, and WeiM 
(0.) picture them. Besides the more obvious causes for fluo- 
tuation, which we shall consider separately, there are unques- 
tionable periodic rises and falls in blood-pressure at differenfr 
hours of the day, entirely una.ssociated with changes in exter- 
nal condition. Colombo has studied these especially, and gives 
a table and chart of diastoUc pressures, taken with Mobbo's 
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nstniment at half-hour intervals throughout the twenty-four, 
which shows fluctuation between (i5 and K)0 mm. (Fig. 30). 

Zwlek. HenseD, Jellinek) is not constant, and can probably be attributed 
o pHjcliiual Bctirity, as Oolilwater snggests. 

We Khali now take up the chief influences which affect 
)lix)d-pres»ure in more detail. 

C. Inflnenoe of Posture.— This must not bo confused with the 
effect of gravity (nfo page 5H), which should be eliminated by 
making all determiiiiitions at tho level of the heart. The results 
of concomitant physical and mental effort must also be alloweti 
o paas away before judging tho influence of bodily posture. 
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BUNo .icLtniD. (MoBM'9 spl.ytnii.) 

rhe wide npudnK of Chi> chart oxuRirerBlei tli« chunms depictod. tFruiii Colombo, 

Arch. lUl do itiul., 18V», vt.1. uii, p, 3CK.) 

A'ith such poBsibflities of error, it is not surprising that differ- 
ence of opinion exists, especiaUy since the rise of pressure due 
o change of position is so small as to fall well within the limits 
of Bpontaneoufl periodic variation. The weight of evidence 
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seems t<> jx^iiit tuwiinl the recumbent [)08turo tm conducive to9 
the lowest pretisure, standing and sitting being alike in rauiin| 
Iwtb systolic and diastolic presnures 5 to 10 mm. 

Ekgren in 300 coses fonDil the preMnre arei-agcd 5 mm. (R. n.) lower^ 
in the ImrizonlBl position. Cook anti Briggs give S to 10 mm. (It. R.) h 
tbeasualdilfarciice: Gartner, and Ookl water 15 mm. (O): Hill, obont 10 
mm. (H. ft B.) : Bi-nsh and Fajerweatlier, 10 mm. <Musso). Henanp, Iiow- 
evcr, thinkx proBsnre loveet when Htanding, and quotes Friedmntin and 
Schapiro on this side, as assuming a fall of 10 to 15 mm. on alanJing. 
T. Recklinghauson came to the samo eonclnsion, but apiurentlj from a 
HJDgle eiperitnent onlj, and in that the pressnro when Iving vrithont a 
pillow was 15 mm. lower thau l;iag or sitting, G mm. below that on stand- 
ing. Karrenstein's GO (letonni nations with the tonometer showed sn aver- 
age fall of 6.7 per cent on Ijing, 3.7 per cent on standing, an oota\»xeA 
witli sitting. I have usnoUj found a alight fall on l^ing down, in normal 



The most oon'v-incing evidpnee on this subject is found 
the recent work of Erianger and Hooker, Thoy found the 
pressures alnrnt the same sitting or i>*ing, hut on standing, 
diastohc pressure rose much niort! than systolic, the pulse- 
pressure variation iH'ing iliniinished. Comparison with the 
V. Kries tacbygraph, which sliowe*! the greatest acceleration 
of blood-flow per heart-beat in the recumbent p<»turo, con- 
firmed their observations. 

Evidently the postural variations of systolic pressure i 
insignificant. The main deduction to be made from the some- ] 
what conflicting ti'stinumy if", to make all comiiarative test* 
the same imsition, pR'fonibly the horizontal one. 

a. Influence of Unaccnitomed Eeit— Under thLi heading we mnat | 
allnde to Onroproeht's observafions on the effect of nnocouslomed rest on ( 
blood-preasnre. He found that laboring men with pressures between 
IflO to 200 mm. (R. B. 6 cm.) on entrance to tlio hospital, showed a con- 
sidomhle fail after a few da.vs in bed. Hensen denies any effect of Uiii 
kind. He calls attention to the higlier reading n^uol on the first da; in ft J 
hospital, which he oonsiderB due to excitement. 

S. Aiflnenoe of Sleep. — Unquestionably pressure is lowertj 
during the first hours of natural sleep, rising slowly toward thel 
time of waking. Whether the fall in pressure stands in any J 
causal relation to the sleep, or whether both nnist lie considered I 
effects of a more remote cause, cannot Iw statc<l. The prompt J 
hypnotic action of erythrul tetranitrate, a drug causing vaso- J 
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dilatation ouly, in the cases of insomnia with high tension 
studied by Bruce, in certainly suj^estive. The effect of posture, 
and the absent-o of all psytihieal influences which raise pres- 
sure, seepi adequate to explain the normal fall, but not the 
8ub6e({uent gradual rise, 

Bi-iihL and Fayei-weathet found that diaatoltc preBsnre fi:!! duriug the 
flrat tew liours of uorinal sleep, wliicb correHpouds nitU tlie minimuiu pi'es- 
snre in Colombo's chart, between 11 and 12 p. m, Lat«r the prosaure rose 
giudnallr, but not uuiformlj, the cnrve showing long v/ares. On awaking, 
the pressure was somewhat higher than before sleep. Hill, however, did 
uot believe that blood- pi'ussnre was anv lower during sleep tiian when rest- 
ing in the recumbent position. Komfcld, in his studies on triounl, found 
that the fall iu pressure after tukiiig the drug was much greater if the hyp- 
notic ctTuct wure obtained, than if not. Ho attiibules the whole aotion 
to a dimiuishuil irritability of the uervoua sytsten. 

Z. Influence of Heala,— The effect of tiie ingestion and diges- 
tion of fo<.xl on arterial pressure is another disputed point, so 
much so tliat it is wiser to susi>end judgment on it until more 
complete data are available. Here again many other factors 
may enter in and be the cause of wide individual variation. 

Colombo's eharta show a constant fall in diostolio pressure up to 20 
mm. (Moeso), alter meals, absolutely independent of the time of day at 
which they were eaten. No other work on the subject has been so care- 
fully jierformod. Weiss found a similar fall. Gumprecht, on the other 
hand, fi'equently found a slight rise iu systolic [wessure, up to 20 mm. 
(R. B.), after the hearty meal of the day. With the GHiluer tonometer 
Jelliuek found in 11 out of 20 soldiers a lise, no change in i, and a fall 
in 2. Karrousteiu saw a. rise of 10 to 20 mm. commonly after the principal 
meal, and never failed to get aa elevation of 10 to 25 mm. if mncL fluid 
(2 litres of beer) were drunk. Bommerfeld considered the midday meal 
the cause of a rise, and Eayaski never missed it. A most interesting ob- 
aecvatiou of Cook's was the regntar rise of 6 to 10 mm. in systolic pressure 
in infanta, following nnraing from the bottle. 

In my chart (Fig. 35) a rise of 5 mm. in systolic, and a full of 5 mm. 
in diastolic pressure, followed both dinner and suppei'. 

Those who find a lower pressure during digestion assimio 
with apparent justice that it is due to vaso-dilatation in the 
splanchnic area. It may be that some individuals have accom- 
panying this an amount of superficial vaso-coiistriction which 
overcom pen sates {see page 24). Thus they would evince an 
actually higher pressure. I am inclined to believe, however, 
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that studios of the pulse-pressure variation will show that ByB-S 
tolic and diastolic pnaaure aro nuequally affected by the tak-T 
ing of food, and that the disconlant observations quoted may! 
thus be barmonizi-d, 

7. Influence of Alcohol and Tobacco. — Theenjoyment of Bomel 
form of alcobolic lM>vcriiKe, ami of tobacco, ho commonly ao" J 
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companies the normal mau's meal, that the influence of these 
drugs on blood -pressure may be best discussed here. 

Alcohol, contrary to the usual belief expressed in the laa- 
^age of daily Ufe, is not a stimulant, at least so far as the 
circulation is concerned. The pharmacologists agree that it 
produces no rise in blood-pressure or in cardiac energy when 
injected directly into a vein. On the contrary, if a consider- 
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able dose Iw ffiven, arterial pressure falls from weakening of 
both vaao-constrictor centres and heart (see Cusbney). In 
man there seems no good reason to doubt that its effect is the 
same. Swientochowski, Schiilo, and Wren and Oertel have, 
in fact, demonstrated that no elevation of systolic pressure fol- 
lows its administration. Observations on the pulse-pressures 
are lacking. 

Tobacco, on the other hand, or its alkaloid nicotin, have a 
powerful action on the circulation. Nicotin, in less than over- 
whelming dose, produces an iniineiiso augmentation of blood- 
preesure in animals, due to stimulation of both central and 
peripheral vaao-constrictor mecbaniams (Cusbney). Cook and 
Briggs have called attention to the temporary elevation of 
arterial tension during smoking. They found it most marked 
when a strong cigar or old pipe is used, and continuing an hour 
or more after the smoke is ended. This latter statement I 
have bofu umiblu tu confirm (see Fig. 37). 

0. Inflaence of Psychical States. — When we come to study 
the effect oi ilifferfnt psychical states on bloixl-pressure, we 
fortunately meet with more unanimity of opinion. Excite- 
ment seems indubitably the most jMwerfuI cause of increased 
pressure in the normal man. A heated argument may raise 
the systolic pressure in a short time as much as 40 mm., as is 
shown in Qoldwater's diurnal chart (G). The accompanying 
chart (Fig- 38) shows a m<xlerate increase in systolic pressure 
and pulse-rate, after lecturing an hour to a hirge class, certainly 
a considerable mental effort, with some excitement. Diastolic 
pressure was much less affected. Especially striking is the 
rapid fall, to below the initial pressure in less than six minutes, 
after the cessation of the effort. 

Goldwater, and Knpsamer {G), Gamprecht (R. U.), and Hill |H. & B.), 
liftTe recorded equally prononnood cbanges, and every one who uses a 
aphygmomivnometei- may observe tliem. Anger is especially potent in its 
effect. 8oiuG attempt liaa been made to differeutiat« the effects of the 
separate (onus o( cerebral activity, perceptive, Tolitional, intellectuBl, eto. 
Kiesow made a number of experiments with Mosso's Bi>bygmoiiianometcr, 
iu which he showed a distinct rise in diastolic pressure with the intellectual 
iffort of a simple arithmetical calculation, with mild fright, with disagree- 
able taste perceptions, bnt not with odors. With sigbt impressions, even 
when the oloseat effort of attention was involved, he foiuid no influence on 
the curve. Oomprecht also found the mere effort of attention usiuJl; 
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1 irnolic presanra (R- R.); sotnclime* a rua of S or 10 I 

OiM Btai3«nt, vheii be reail the manometer himael^ 

« than Then be ilid noL E«eD tbe 

t UngbUr, were cnongli to 

B (ISmio. B.B-). Pain ha» > simibir effect. 

Tbe explanaticm of Ihme marked influenced must b« soagbt in tbe well- 

knowB reflex nao-oouBtrictioD wbicb foUows stimalation of Beaaory 




Chart oblalnud from I'rof. , who lectured to a lurgo ck 

u'eUKk. Bctbni onii ullur lectuni Iid Mt quictlr in l>U Isbontorr- 

NoM tliv cirinciilBDt rlno iti puliiu-niu: tlio jcruntur riw ill aj^Uillo tluin in .._ 
ptaaDn ; thu nubMHiuuiit Ikl) iu pruBurc. witli duimiHil pulnu-pruiuun!, whilu tlio 
■ -apid. 



ovrvea in general, aud of tbe cerebral cortex (see i>age 31). One 1»1 
tempted to tliiok of tbe depoadence of tbe brain cinmlation upon g 
blood-pressure to meet its local demanils, since the brain veSBela probablj'l 
bavo little vaso-motor supply, as tbo jiossiblo cause of tbe inareaaed aortia ] 
prossare vliioh aooompauies cerebral activity, 
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The nieaniiig of these psychical influences fur the cliniciiin 
is obvious. In all deterni illations of bloo«l-pre88ure they should 
be conspicuous by their absence, and the physician must sedu- 
lously giiani his patient against undue iutet'CBt in the pro- 
cedure itself, or fear of it, and secure as complete mental 
relaxation as possible during the uieasuremont. 

H. Inflneaoe of Hoacnlar Exertion. — That uiuscular work 
usually increases systolic blood-pressure in man has been 
known since the early investigations with the v. Basch sphyg- 
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Chart obtuliiHl fVoin * nluiloDt of U 
kllogramnicUn of nork a inlniits. At t 
and Munewhul dneptineiJ nwpinulon. 

The hatdiHl Hrui U>low indUiU-s tlif durntlon of tlio work. 

Nots tli« rapid rlAo In tilood-iinmura niiil puImmdIc, innintitlncd thmunhaut; Uld ths 
CQiwUr raidd rotuni to noruuil. (From HuaiDg, Deutsch. Anb. r. kiin. H«L,1»0V, 
voL Iixiv, p. 3B3.) 

momanometer. This, of course, tallies with the results of 
Tangl and Zunst in dogs (see page 3(1). Zadek, and Maxim- 
owitch and Rieder found the rise in pressure proportional to 
the work done, reaching as much as 50 mm. Hg. with young 
men uiidei^ing severe exertion, falling rapidly after its ces- 
Bation, and becoming again normal within twenty to thirty 
minutes. Their results have been verified by practically all 
recent observers. Among the latter, Jellinek, Grebner and 
Griinbaum, Komfeld, Masing, and O. Moritz have inveeti- 
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gat^l tbiH question particularly, and have brought to light I 
certain facts which require more detailed consideration. 

O. Itforitz, Mosing. end Komfold, all emphasize the paychicftl factor in \ 
muscular effort Tbia inanifestA itKclf nainistalcBblj in their experimetita. 
The grent«r the eonHcioUH effort the greater the rise in pi'essure, aiiil vioe 
Teraa ; ao that pruBsnre seems pioiKirtional rather to the Tatigue produced 
tlian to the actual work done. Work performeil with a single leg raised 
pre«snre more than the aame amount done by the two legs altoi-nale]j, 
and the first pertonnance more than subseiinent onea (Masing). Eoi-ufeld 
foniid that the attempt to walk iu a straight line bad more effect than the 
some distance without anj special attention. Moritz goes so Tar as to slate 
that the pressure elevation daring bodily work is principally conditioned 
by psychical influences. Tbese facts explain at once the effect of practice, 
u in athletic training for instance, which consists esseotiaUy in ench rep- 
etition that conrdioations become almost antomatio reflexes, and the toI- 
ontary effoiii is reduced to a minimum. They ahto make intelligible the 
few discordant observations in which eiercise did not raise prcssare, anch 
OS Jellinek's on 106 soldiers, in whom marching raised presanro iu 57, had 
no effect in 80, and was attended by a slight fall in 19 (G). Here, appar- 
ently, the effort was insufficient of itself to affect 40 of the men, and 
other factors detoi-mined the results found. The individual differences 
reported by Sohiile, and Hnber, may be similarly expkinod. 

Tlie relative effect of exertion on systolic and diastolic pressures has 
been investigated by Masing. By a method jrielding approximate values 
only, be found that both systolic and diastolic pressure rise during exer- 
tion, but in different degree, the diastolic always less. This is in accord 
with the well-known increase in pnlse-volumo. One experiment of mina 
with tbe Erlanger apjiaratus (& cm. armlet) showed the following i 
healthy young man of twenty-six years. 
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It follows then, that instmments meofiuring systolic pressure will ovet^ 
estimate, those giving diastolic will underestimate, the effect of exertion 
on mean aortic pressare. Eero, as elsewhere, the determination of both 
pressures would be moat valuable in throwing light on the actual vascular 
changes. The indications afforded by the increased pulse-volume, in the 
present instance, point clearly to increased energy of the heart as at least 
one factor in the rise of pressure, if not the only one. Under o 
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of too excessive work in proportion to the indiviiluftl's cardiac power, tlio 
blood- pressure, after its primary rise, ina; show a gradual fall, even 
below the normul. With this there ore ilyBpnrea and other subjeclive 
symptoms, and, accordiug to Schott, and LaiTsbce, acute dilatation o( the 
heart. Here we border on tlie pathological effects aeen iu diaeaBed hearts, 
which will be considered later. Masing hue found similar results from 
moderate exertion in tlio aged, tlio jirimaiy rise of pressure being niain- 
tained for only a short time. In these older men there was also less accel- 
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(Kiva-lt(H'd-s Bplirgiii.. fi (ill.) 

Chait nbtalneil rrnm ■ man of vixti'-eiKlit. villi the Nunc work at Iha uibjeot of 
Fig. sv. DurinR Iho work tlio puli<e IwcamD quiUi imgulir it tiinoa ; >fl«r wveDtaen 
iiiiiiuu», djBpum Ac Ilia clom of tho wurk, dyipncea, pitliritstlou, KruHt fBti)(ui of 
theloCB. 

No(D ttiu groBl rino In bluod-pnwura nB conipiiroil wllli pulw-ralo ; its (kll during tbo 
work ; the DKiro grudunl nituni l<i nuniial M its cIubo. (From Mwliig, loc ciL, p. SSH.) 

erstioD of the heart than ia the yonng. Here again is strong evidence 
that the rise during phyxical work is due to increased cardiac energy. 

Eorrenstein has jn-tt published observations on 74 soldiers under- 
goiug rather protracted exertion ; in one test, a march of abont Heventy 
minntes' dnration over a considerable hill ; in the other, three hoars' exer- 
cise. The great bulk of hiii men showed a fall, most of those who did not 
having drunk conaiderablo beer. Ho considers that in long- continued 
exertion d fall in pressure is common. Since be also noticed some increase 
in heart dulness in many cases, this fall seems analogous to that wbicli 
occurs earlier in the aged and those with weak hearts. One is also 
tempted to [lostaiate a depressor fall, as a protective re9ex from the heart. 

Finally it must be remarked, that the curves of pressure during exer- 
tion show irregular rises and falls, which nre difScuU ot explanation 
(Grebner and GrCinbaum, Musing). The most marked falls accompuij 
profuse sweating. 
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We may siunniarizo these facts as follows: 

The rise in pressure during phj-sical exertion is in general 
proportional directly to the amount of work done and to the ' 
voluntary ofFort riiquirwl, the latter factor being the more im- I 
portaitt. The effect on syBtolic pressure ia moro marked, that 
on diastolic lees marked than on mean pressure. 

The rise is due to increased energy of the heart (both rate 
and pulse- volume), and, wheu the demand exi-eeds the reserve 
force of the heart, it will not bo maintained. With eiiual work it 
is of much shorter duration iu the agetl than in the normal adult. 

Pnilougod esertii>n usually t'auws a fall in preswiire. 

L Influence of External Temperature and Bathi.— The effect 
of temperature chaii||?ea iiimju the local circulation has long 
been well known and commonly used in practice. Cold pro- 
duces local vaso-constriction, which, if sufficiently long con- 
tinued, eventually gives way to a dilatation, due to paralysis of 
the vaso-motor mechanism. Besi<les this, wheu cold is applied 
for a short time and then removed, a reaction follows and the 
part becomes intensely hyperajmic, a sign of secondary active 
vaso-dilatation. Warmth, on the other hand, produces vaso- 
dilatation and local hypersemia from the outset, probably of a 
passive natiire; that is, from diniinishe<l vaso-constrictor tone. 

If the local area thus 8ubjecte<l to changed temperature 
conditions be sufficiently large, a marked influence will be 
exerted on the distribution of the bloixl throughout the body, 
and, if there bo no counterbalancing change elsewhere, on the 
general blood -pressure. It is just at this yniint tlrnt complica- 
tions arise. We have seen (see jtuge 21) that, not only do 
external irritations of any kind produce reflex vaso-motor 
effects in remote vascular areas, in that iimervated by the 
splanchnic nerves especially; hut also that the blood-vessels of 
the skin and those of the abdominal viscera frequently act in 
antagonism to one another. For this reason it is impossible to 
predict that the application of cold sufficient to constrict all 
the BuiJerficial arterioles will necessarily raise aortic preesure; 
for a reflex dilatation of the splanchnic vessels might more 
than compensate for the added resistance. The question must 
evidently be approached experimentally. 

Here ve ftt once nieot tLe difficult;, tliat tlio necessary pTocedntea 
maj be attended b; ph^aicol ezertiou and meDttd excitetnent, with tbeif 



VABiAtlONS IN THE SAME INDIVIDUA^IS^^^B 

CDDComituut vascular efiecU. In almost all tlio n-ork apon the sabjeot ^^^H 
iLewj have not been carefully enough elimiuatcil. In tiildition, mucli of ^^^B 

for instance, Jakob's work, whieb I cannot place any reliflnco in, Tlie Girt- 1 

for thia purpose, because in- ^^^| 


flnenced by the local vuso-mo- 
tor conditions induced in the 
fingers ; Lenco Jellinek's, and 
Tsolilonoff's results cannot be 
accepted. Edgecombe and 
Bnin studied the question of 
baths and exercise with consid- 
erable care, but used Oliver's 

suits agree in the main with 
the experiments which follow, 
and add nothing to them. The 

1^ Imve been able to find are those 
^H of Bmck, and of MuUer. 
^H Tbe former studied the ef- 
^^K feci of cold hydrotherapentic 
^^B prooednres on pei-sonx with 
^^H mild neuiBstheuio, early plithi- 
^^H sis, and other conditions in 
^^H vhich a pmctically normal car- 
^^H dio-Tascular state was pn'sent. 

^^^1 with the Biva-Rocci apparatus 
^^H (& om.), between 8 and 10 a. M. 
^^^B to avoid diurnal variations, and 
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^^H before the bath or doni-ho, and 
^^M live, fifteen, thirty, and Mxty 
^^M Ininntl^s after. Ho also nsed 
^^M great care in observing, not 

^^H fonad a definite rulation Iwtween t 
^^H in pressure, and oonniders the div 
^^H OA dnc to varying time or temi>e 
^H baths at 80° C. gave a rise in pressn 
^^H in ono minnlc ; at 20° to 'IT 0. n 
^^^L ooourring when the bath was disc 


PirnuKwr T»»ir«KATiHB« on Buimi-rsH 

TBKitT»-«lx. tUiv»-Ro™l'««phygm,15e»i 

FhitD Hnlk-r, l\<»Uc1>. Ard>. f. kltn. Mod 
llK>S,val. Iixlv, I'lnlclV.) 

dnmtion of the bath. In this way h 
ho duration of the cold ond the cliang 
ergent rcsnlts of prerions investigator 
ratnre employed. He found that fn 
re in one-half minute ; at 13° to 1C° C 
tily after tno niinules or longer, a fa] 
■ontinncd aoonor. Uo conld DBCertal 
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coDataut relation between [ireBsure and pnlse-rate, or bodj temper** 1 
The rclution between daration and effect was alwH^s atriklug. 

Miiller, tuiog a Biva-Bocci instniment with 15 cm, smUet, sod ap- I 
porently evety precantion, came to tUe toUowiug ratlisr striking concln- 
aions : 1. Water baths of a temperature below 33° to 35° C. produce a rise 
in blood-pressnre, with Blowing of the pulse, tbrougbont tba whole dnra- \ 
tion of tlie bath. The colder the temperatnre the greater the rise, i 
same iudividnal. 2. Water baths from 33° to 35°, to about 40° G. (tha so- 
called JodiiTerent zone) pi'oduce, after a abort initial ri»e, a fall in preasure 
to or below the Domial, followed b; another rise. The behavior o[ the 
pulse differs in this group ; below ST" G. it diminishos, above it increases. 
3. Water bntha from 40° C. up produce a rise in pressure, lasting during 
tba entire bath, with increase in pulse-rate. These effects are very reoilily 
seen in the accominnjing charts (Fig. 41). 4. With bot-air and atcam 
baths at D0° C, the samo rise in pressure and pnlse-rate occurred in nor- 
mal peraona. With certain aiok patients, however, in wbom heart weak- 
ness prolmblj onisted, the rise in pressure soon gave way to a fall, or the 
pressure fell from tbe start. Tbe individual reaction to the varying tem- 
peratures employed was quite different iu amount, but tbe same in kind, 
for all the cases studied. The more complicated bydrotherapeulio ques- 
tions I will not enter u{)on, since we, in this country, unfortunately lack 
tha requisite technical knowleilgc of tbe subject. Those interested ma; 
fiud a full literature in Muller's paper. 

We may therefore conclude that, bo far as our present 
knowledge goes, haths at about body -temperature are without 
marked effect on the blood- p ressure ; that cold baths produce a 
rise m systolic pressure, the extent of which, in any given in- 
dividual, is greater the lower the temperature and the longer 
the period of exposure to it, within limits which undoubtedly 
exist, but liave not yet been determined ; that hot baths follow 
the same rule, differing only in that the rise in systolic pres- 
sure i8 accompanied by a more rapid pulse. Since the same 
phenomena liave been ol>»er\'ed with steam and hot-air baths, 
there seems no reason to doubt that the efficient cause is the 
change in external temperature. Of the actual mechanism 
by which the pressure changes are brought about, whether in- 
crease of peripheral resistance, or of the heart's ener^^r, or 
Ixith, I do not think we may form any valid opinion at present. 
Determinations of systolic and diastolic pressures are much to 
be desired in this connection. 

K. Influenoe of Atmoipherio FreHure. — There is little to be 
found on the effects of atmospheric pressure on arterial prea- 
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Bure in the normal man, the bulk ol the obaorvations being in 
conditions of ehock. Lazarus and Schirmunski, however, 
amplified their animal experiments (see [lage 38), by subject- 
ing men to a gradual reduction in atmospheric pressure from 
7C0 to 380 mm. In all cases a fall of 25 to 35 mm. (v. B.) 
was obtained, and headache, dizziness, palpitation, or dyspncea 
appeared in varying combination. 

L. Inflaeaoe of Henttni&tlon. — I have found but three refer- 
ences in the literature to the behavior of arterial pressure dup- 
ing the menstrual period, in normal women. These do not 
allow of definite conclusions, because they fail to agree com- 
pletely. "We may only say that a diminution of tension may 
be normal. 

WieBsner studied tbe queation especiaUy and claimed to find a regular 
fall of 20 mm. (R. R. 5 cm.) during menHtmutioa, tbc Donnal level being 
restoi'ed Ibree or four ilays after cessatioQ at the flow, Hensen coald not 
Hatisfj himself of an; particular cbnnge. Rosae, wbo made meaanremcuta 
with tbe tonometer, in women wbo showed no juirticular disturbance 
during the period, oa a check to his reHulta in hysterical girls, noted 
either a slight diminution of tension or no variation. Fedem n 
either shortly before, at, or after the beginning of the flow, the preaanre . 
rising gradually thvoogh the intermeDatruol ))eriod. 

K. Snmmary. — This array of facts regarding the variations 
of blood -pressure in the healthy man and their numerous 
causes might, at the first blush, lead one to conclude that, 
where such instabihty is normal, there can be no firm ground 
for the construction of a standard by which to gauge the ab- 
normaL This is certainly untrue. Because the pulae-rate 
may reach 120 during exertion or excitement, the rapid pulse 
of fever is no less significant; nor is the existence of a digestion 
leucocytosis a valid reason for considering inflammatory leu- 
cocytosis a normal phenomenon. We must know the possi- 
bility of digestion leucocytosis that its occurrence may not 
lead us into an erroneous diagnosis. Similarly we must know 
thoroughly tbe causes for changes in blood-pressure during 
health ; then we shall be able, by excluding or taking account 
of them, to recognize and value the pathological indications. 

We have seen that mental activity, and especially excite- 
ment, produce the greatest rises in pressure. Exertion also 
causes a rise, the amount depending on the severity of the 
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effort required. Mental and physical rest must therefore bfrl 
secured in all cUnit-al ohservations. Excessive changes in ex- 
ternal temperature should be guarded against. Since posture ] 
may have some influence, it is wise to make all tests in the I 
same position, either sitting or recUning; preferably the latter, 
because it conduces most to the desired rest. The diiimal 1 
variations, including the effects of eating and of sleep, must ' 
be in mind. In following cases from day to day, especially 
with reference to the effects of treatment on the blood-pres- 
sure, determinations should be made at the same hours. 
Everyone admits the imixjrtance of this in studying the course 
of the temiwrature in disease. With the arterial pressure it ig 
not a whit less important. Where experiments are made . 
which occupy only minutes or hours, instead of days, it is I 
essential that a record of the pressure be made at frequent ] 
intervals for some time previous, to establish the normal level • 
and the extent of the perio<lic variations. When this is done, 
it may be possible to demonstnite changes of small extent, 
which, lacking this standard for comparison, would be con- 
sidered within the limits of normal variation. 

Studied under such conditions, and they are scarcely more 
rigorous tlian the simple taking of temperature re<iuires, it is 
surprising how constant the blood-pressure may be. Day after 
day it may not vary 10 mm. at a given hour. Henaen was 
struck with this, and I have found it conspicuous in measure- 
ments made on successive days in office practice, where the 
conditions do not vary. In hospital chart«, where observa- 
tions are made hurriedly, and bo many causes for psychical 
irritation exist, I see more fliictuation. 

From individual to individual the differences are more pro- 
nounced, but not more so than the differences in pulse-rate. 
The vast majority of healthy adults will show systolic pres- 
sures of 100 to 130 mm. (12 cm. armlet), 110 to 150 mm. 
(5 cm.). The diastolic pressure will be 25 to 40 mm. lower. 
After middle life ISO to 145 mm. (13 cm.) is not uncommon, 
140 to 100 mm. {5 cm.). In childhood 90 to 110 mm. after the 
second year, 75 to 00 mm. before it, make the lower end of 
the scale, with probably a slighter difference between systolic 
and diastolic pressures. With women the pressure tends to be 
slightly lower, more definitely so when the 5 cm. armlet is used. 
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I regard with suspicion any pressure above 135 mm. (12 
em.), 150 mm. (5 cm.), in a young person, 145 mm. (12 cm.), 
or 170 mm. (5 cm.), in an older one, when found on several 
examinations and with due precautions. Above 145 mm. 
(12 cm.), KiO mm. (5 cm.), before middle age, or IGO mm. 
(12 cm.), 180 mm. (5 cm.), after it, I believe is definitely 
pathological, if constantly present as the average reading. 
For the lower limit of systolic pressure in health I would take 
\iO mm. (12 cm. and G.), 100 mm. (5 cm.), in adults, about 
80 mm. in children. 

I should like to lay stress on the importance of the simul- 
taneous measurement of systoUc and diastolic pressure in 
determining normal conditions. The difference between the 
two is ordinarily 25 to 40 mm. in my experience, the lower 
figures being more common in women. In old men 50 mm. 
may be found, an expression, in terms of pressure variation, 
of the well-known large pulse of the aged. A pulse which 
shows leas than 20 mm. diflference between systole and diastole 
I think is abnormally small, one over 50 mm. similarly large. 
When it is only possible to estimate one of the pressures, the 
systolic is the surer guide, because our data for it are more 
complete, and pathological changes affect it more than the 
dijistoUc. 
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CHAPTER VI 

TUB BLOOD-PRESSURE IN DISEASE 

I. PATHOLOGICAL LIMITS OF BLOOD-PRESSURE 

When wo turn to the enormous variatioDB in blood-prossure 
eeoii under patliolo^cal couditionB, the smaller physiological 
fluctuations become far less conspicuous. The agonal prea- 
sures of 40 mm. (R, R. 5 cm.) reported by Hensen, and Cook 
and Briggs'a case of cerebral luemorrhage with about 400 mm. 
(R. R. 5 cm.), represent the extremes of tension recorded by 
reliable observers in the literature. The latter figure must 
contain a very large elaaticity error, due to the narrow arm- 
piece, but the absolute value could scarcely have been below 
300 mm. The more common readings in high tension cases 
lie in the neighborhood of 200 to 220 mm. (12 cm.), 220 to 
260 mm. (5 cm.). 

The upper limit to blood-pressure is set by the reserve fqrce 
o£ the heart {see page 15) and, under ordinary circumstances, 
by the depressor mechanism. Such enormous pressures as 350 
to 400 mm. have never been reported except as very temporary 
manifestations in cerebral compression, I have seen a number 
of cases, however, in which a pressure between 250 and 300 
mm. {R. R. 5 cm.) was present at every examination during 
more than a year. Individual differences in the anatomical 
and functional state of the cardiac muscle will determine the 
extent to which, in any given case, increase of peripheral 
resistance will raise the arterial preasiu-e. 

Exact data concerning the minimum arterial pressure at 
which the capillary circulation can be maintained sufEciontly 
to support life are scarce. Experimentally, the complete loss 
of vaso-motor tone which follows destruction of the spinal cord 
is followed by death (see page IS). In man such total vaso- 
motor paralysis is probable only in fatal surgical shock and in 
the death agony after acute infectious disease. Heusen places 
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the lowest systolic blood-pressure at which a continuance of 
the circulation ispussibltiat 75 mm. (R. R. 5 cm.), about 55 mm. 
absolute vaUio. All pressures imder 100 mm. (R. R. 5 cm.) he 
considers subnormal. Cook and Briggs give one chart, from a 
case of traumatic shock which recovered, with pressure below 
50 mm. for a brief period; 00 mm. they find usually of serious 
import. Kapsammer gives 00 mm. (G) as the lowest preesure 
compatiltle with life, but cites one case in which a woman lived 
thirteen hours after a severe fall with a tonometer reading of 
40 mm. John found 35 to 40 mm. (G) in advanced phthisis a 
few days before deatli. These figures, in the light of Gart- 
ner's own refusal (see [«ige (IS) u> measure below 70 mm. with 
the tonometer, seem of doubtful worth. In my personal ex- 
perience, pressures below 75 mm. (12 cm.) have been very rare, 
except momentarily during surgical operations, where I have 
seen below 40 mm. (J. 12 cm.). 

For diastolic pressure it is difficult to give any figures. 1 
have never found it above 2f)0 mm. (Erl. 5 cm.), nor, since the 
use of the wide armlet, above 180 mm.; but I have not ex- 
amined cases of cerebral compression. As the elasticity of the 
arterial wall diminishes rapidly with increasing pressure after 
the higher tensioUH have been reached (see page 25), systolic 
preesure tends to increase much more than diastolic under such 
conditions. For instance, a systoUc pressure of over 220 mm. 
will commonly be associated with a diastoUc some (iO to 80 mm. 
lower, instead of the 25 to 40 mm. usual at normal tensions. 
This large amplitude of the pulse- wave is readily seen in sphyg- 
mt^rapbic tracings, and, when one's attention has been drawn 
to it, becomes equally evident to the finger, if sufficient force is 
exerted upon the artery. The latter precaution is necessary, 
l»cause excursion of the already tense arterial wall is slight, 
unless the pressure upon its two sides bo nearly equalized. 

For the lower Hmit of diastolic pressure I can give no fig- 
ures. My own oltservations have been along different lines and 
I know of no accurate measurements in the literature. The 
Hill and Barnard instrument, as heretofore used, has given an 
indeterminate and intermediate pressure (see page 72). 

A. Ftmctional aad EHeatlal Elemeati of Blood-preunre. — We 
have seen (see page IS) that the vawo-raotor tune compensates 
for the disproportion between the total blocKl-volume and the 
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size of the veeisels it is called on to fill. The lower limit of 
, blootl-pressure represents the preesure required to overcome 
the resistance of the arteries due to this necessary vaso-motor 
tone. We may speak of this as the essential portion of the 
arterial pressure, without which no circulation is possible. It 
must vary somewhat from person to person, but probably never 
amounts to much less than 50 mm. Ug. Such a minimum, 
however, is evidently much below the normal pressures of 
daily life. This difference is due to the changing tone of the 
small arteries throughout the body necessary to the functional 
activity of the various organs. We may speak of the excess 
of normal pressure over the essential as the functional element 
of blood -pressure. This va.ries from moment U) moment and is 
especially dependent on the resistance in the splanchnic circu- 
lation. Changes in blood -distribution may occur without any 
variation in the total peripheral resistance, since dilatation of 
one set of arterioles usually causes reflex constriction of other 
remote ones ; but such compensation is seldom perfect. In 
muscular exertion, for instance, we have seen that pressure 
usually rises. The functional element of blood-pressure, then, 
will vary with changing blood-distribution, especially with the 
demands for blood on the part of the brain, which is more 
dependent on general blood-pressure than the other organs. 

In states of continued high blood-pressure due to a per- 
manent increase in the resistance of the arteries, the essential 
I element of pressure must rise also. This is an important prac- 
1 tical consideration, for a fall to near the essential amount is 
dangerous to life per se. Where the average level of blood- 
pressure has been permanently above 200 mm., the lower limit 
must be above 76 mm. Hensencitesacaseof chronic nephritis 
with an agonal pressure of 180 mm. 

Undoubtedly a continued fall in pressure is far more signif- 
icant of danger than any actual numerical value, as Cook and 
Briggs insist. Here the need of a graphic record is manifest. 



2. HIGH BLOOD-PRESSURE (Hypertension). 

By far the most valuable results of clinical sphygmoma- 
nometry have been in conditions of high arterial tension, and 
for a double reason. First, our previous methods for the dia- 
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covery of increased blood- pressure {patpBtiim of pulse, sphyg- j 
mograph, detection of cardiac hyitertrophy or accentuated 
aortic second sound) were frequently either inadequate or mis- 
leading; thus our diagnosis has gained accuracy. Second, the 
existence of continued high pressure has far greater absolute 
significance than the finding of normal or subnormal tension. 

ObjectioD laaj he made to the above statement, on tbe gronnd tliat the 
exUtence of a hypertrophied heart and ringing aoilio second Bound are our 
moat valid evidences of tlie existence of hypertension. I wilt not dispute 
their validity. Tbe difficulty is, that high blood -pressure is most 
at the poriod of life in which obesity or emphysema frequently make the 
percnssioQ and anscnltation of the heart well-nigh impossible. It is in 
jut saoh iiersoDB that the sphygmomanomeler comes to onr help. 

As to the sphygmograph, few physicians will now claim for it much 
pi'acttcul valae, though its educational effect has been considerable. Apart 
from the fact that one may obtain olmOHt any type of trace from any pulse, 
by varying tbe apring.presaore, the forma of pnlse^iurve generally pic- 
tnred as indicative of high tension are not truly so. The trace with a 
gradual descending limb is usually given, as by Sanaom.' This particalar 
form of pnlse, as my combined sphygmographic and spLygmomanometrio 
work taught me, is regularly obtained when one narrows an artery almost 
to the point of obliteration. Thus it is evidence of a contracted arteiy, 
which may go with low tension, though frequently found with high. 

The difficulty of estimnting pulse tension by the finger has bees 
alluded to (see page 44). Krehl ' admits that the distinction between in- 
ternal tension and arterial thickening may elude even the most experienoed. 

A. Fnnotional Hyperteniioa and iti Caiuet. — a. Pbytidlogioal ; 
Pharmacological; Toxic. — Any condition in which increased 
blood -pressure is present, an a result of a temporary cause act- 
ing on the heart or vessels, we may speak of as evidencing 
functional hj'pertension. Tbe rise in pressure due to excite- 1 
meet or exertion in the normal man falls under this heading, I 
The marked augmentation of tension during true labor pains J 
is due to these physiological causes, plus compression of the "J 
abdominal vessels, which drives a lai^e volume of blood to I 
the heart. In certain nervous affections hypertension occurs, I 
apparently from reflex vaso-conatriction. In melancholia i 
closely parallels the intensity of mental anguish, the stimulusl 
which calls forth the reBex originating in the psychical sphere. T 

' Saiisom, p. 418. 

* Krehl, L. Die Grkranknngen des Qenmuskels, etc, p. 374. 
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In tabes, the paiofiil visceral crises have a similar association 
with heightened vaso-motor tone, the stimulus coming from 
Bpinal or peripheral neurons. Acute paiu of other kinds, bili- 
ary colic for instance, may cause considerable hypertension. 
The rise in blood-preseure at the onset of acute peritonitis must 
also be due to a reflex vaso-constrietion. The various drugs 
which stimulate the circulation produce functional hyperten- 
sion. The digitalis series act preeminently by increasing car- 
diac energy, secondarily through vaso-constriction ; adrenal 
extract produces its remarkable effects in the opposite order ; 
strychnin and ergot raise pressure only by arterial constriction. 
Camphor and cafFein, as well aa atropin, increase cardiac eu- 
ei^, and peripheral resistance also. This, of course, applies 
only to therapeutic doses. Nicotin, in animals, produces a 
great increase in blood-pressure, and hypertension in smokers 
has already been mentioned. High pressure is frequent in 
lead poisoning and is said to be associated with acute gout. 
The cause is probably a toxic one in both cases. In many car- 
diac patients one finds the pressure somewhat above the normal 
from time to time, quite independently of the manner in which 
the heart is acting, therefore undoubtedly due to complex pe- 
ripheral influence. In none of these conditions does the systolic 
pressure often pass 200 mm. (R. R. 5 cm,), 175 mm. (12 cm. 
or Q). A much greater hypertension, from increased activity 
of the vaso-constrictor centres, is the asphyxial rise already 
considered. This is met with clinically in obstructions of the 
upper air-passages, and, in a less d^ree, when more chronic 
respiratory or cardiac diseases lead to deficient oxygenation of 
the blood. Toxic hypertension of extreme grade is seen in 
unemia and eclampsia, because the large functional rise is 
superimposed on an existing essential hyperteneion. 

b. Acute Cerebral Compresuon and Aiueinia.-~Tbe highest 
arterial pressures ever recorded in man have accompanied 
acute compression of the brain, in fracture of the base of the 
skull and apoplexy. An understanding of the real causes of 
this extreme functional hypertension is of the first importance, 
if one would intelligently utilize the indications of the blood- 
pressure for accurate diagnosis and treatment. The theoretical 
basis is now secure in its main features, and makes one of the 
most fascinating chapters in experimental patbol(^y. Its full- 
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est details may be found id the mouograph of Kocber, and it is I 
also most iutereatingly presented in EngliRli by Hill, and by J 
Gushing, both of whom have made important contribution 
it« elucidation. 

Acute cerebral anemia, tbat is, the rapid and complete ] 
cessation of the cerebral circulation, as Hill has shown, pro- J 
duces symptoms identical with complete asphyxia. The usual [ 
sequence is: A. Loss of consciousness. B. Respiratory spasm. 
C. Slow heart and rise of blood -pressure with cessation of res- 
piration. D. Fall of blood- pressure, acceleration of heart, and I 
death. This indicates distinctly that the bulbar centres tiro 1 
first excited and then paralyzed. If the animal be in a state 
of shock, or the aiiiemia be slow in onset, the excitatory symp- i 
toms fail to appear. During the development of tbeso events, 
while the aiiEemia is ^mrtial, marked Traube-Hering blood- 
pressure waves and Cheyne-Stokes respiration are common. 

Cerebral compression produces the same bullmr symptoms 
as acute antemia. This seems paradoxical until one remem- 
bers the mechanical limitations of the cerebral circulation. 
Since the cranio-vertebral cavity is closed and the brain sub- 
stance incompressible, the total amount uf bl(K>d in the brain is 
invariable, except for the slight expansion made possible by 
increased absorption of cerebro-spinal fluid at high pressures. 
If, then, a foreign body of any kind be introduced into the cra- 
nial cavity, room can only be made for it at the expense of the 
blood in neighboring veins and capillaries. Compression there- 
fore produces local anEemia, and the symptoms are due, not to 
the pressure, but to the cessation of blood-flow. At first only 
the veins will be narrowed and capillary pressure raised. In 
Kocher's nomenclature, this is the stage of compensa- 
tion. Few symptoms occur. Little increase of pressure is 
required to bring about venous stasis, with much diminished 
capillary flow, and brain tension equal to the arterial. In this 
second period, Kocher's initial stage of manifest cer- 
ebral compression, numerous subjective symptoms of 
general cortical or cerebellar aneemia appear; headache, ver- 
tigo, etc. The ophthalmoscope shows the picture of choked 
disc. If the local compression be over an extensive area, op 
situated in the posterior fossa; or, if general corebro-spinal 
compression be produced, as in Cushing's experiments, by in- 
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troducing fluid into the craniuiu, the circulation in the medulla 
will be affected. The bulbar symptoms at this period are, 
slowing of the pulse, from stimulation of the v^^us centre, 
and some rise in pressure, from vaso-motor stimulation. The 
latter is not constant. 

Anj- further increase in pressure will now empty the veins 
and capillaries, and, as soon as it paBses the level of arterial 
pressure, will absolutely cut off the circulation. This third 
advanced stage of manifest cerebral compres- 
sion is, in reality, an acute cerebral aniemia, and leads to 
absolute loss of function. Now it is that the medulla responds 
with an effort to preserve its life. The vaso-motor centre auto- 
matically raises general blood -pressure above the intracranial 
tension, and its blood-flow begins anew. If the compreseion 
goes higher, the vaso-motor centre follows with another rise, 
and BO, step by step, the blood-pressure may keep just abewl 
of advancing brain-pressure until such enormous flgures as 
300 mm. and more are reached. Each rise is not steadily 
maintained, however, but in many cases seems to overcompen- 
aate and be succeedetl by a fall, then a rebound, as aneemia of 
the bulb recurs, in pendulimi-hke oscillation. These are the 
pronounced Traube-Hering waves, which nmy be appreciated in 
making sphygmomanometric re«MJings. The respiratory centre 
shows a similar rhytlimical variation in its activity, deep breath- 
ing coinciding with the jjeriod of high blood-pressure and estab- 
lished circulation, apncea with its interruption; the clinical 
Cheyne-Stokes respiration. The vagus centre is likewise stimu- 
lated, and the pulse-rate falls materially, as every one has 
noticed in apoplexy. This in part antagonizes the good effect 
of vaso-motor atrtirity; at least the most complete parallelism 
between brain- and blood-pressures is found after section of 
both vagi. The complete chain of events is beautifully shown 
in Cushing's tracings. 

If the intnicranial tension be too long maintained, or go too 
high, the medullary centres become eKhausted and the final 
paralytic stage sets in, an exact counterpart to the termi- 
nal period of cerebral anemia or asphyxia, The blood-pressure 
falls, with rapid, running pidse, and death soon ensues. I have 
gone thus at length into the experimental findings, because the 
clinical picture is their perfect duphcate. This will recaiva 
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consideration later, particularly with roapect to surgical treat- 1 
ment. Text great emphasia caiinot be laid on the fact that f 
the rise in bloud-pressure during acute cerebral | 
compression is absolutely essential to the pr 
ervation of life. On the other hand, it cannot be denied I 
that, where the cause of the increased intracranial tension is a I 
haemorrhage, the hypertension augments it, so that a vicdouB 1 
circle is estabhshed. The same may occur when the primary J 
cause loads to cedenia, with secondary increase of compression, 
the transudation being hastened by the greater arterial tension, ' 
80 long as the venous pressure remains high. 

fi. EMcntiftl or Permanent HypertenaioQ. — A i>emmnently 1 
high level of blood-pressure is found in connection with a last- 1 
ing increase in the peripheral resistance which the left ventricle ' 
must overcome, combined with hypertrophy of the latter, by 
which it is enabled to meet the demand. Such changes belong 
to the diseases of the arteries themselves, which we include 
under the general term arterio-sclerosis, and to the cardio- ' 
vascular lesions of kidney disease. An apparent hypertension, 
that is, a high systolic, but not mean or diastolic pressure, is ' 
seen in aortic insufficiency. 

C Caiuei of Etaential Hyperteuion. — In the normal aiumal 
or man the average level of blood-pressure is maintained with 
great constancy. The complex nervous mechanisms, which 
coordinate the activities of the cardiac and vascular muscles, 
seem to be directed toward 8<»curing the greatest local varia- 
tions in blood-flow with the least alteration of general arterial 
preaaure. We have seen that the largest part of this regulating 
fimction is lodged in the splanchnic circulation {see page 22). 
If the blood -pressure rises to the point where the heart is em- 
barrassetl, reflex dilatatiim of the countless arterioles of the 
abdominal viscera, evoked by the depressor nerve, promptly 
causes a fall. It seema evident, therefore, that an 
abnormally high pressure cannot exist perma- 
nently, unless there has been Bome damage to^ 
the regulating power of the visceral circala-^ 
tion. 

But the increase in peripheral resistance of itself would be I 
insufficient to account for a lasting increase in aortic pressure. 
The depressor mechanism is twofold, and the normal heart J 
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, flfaields itself from overstrain by another reflex through this 

. nerve, which autotnatically Blows it by way of the vagus. This 

probably only comes into play in the more considerable and 

sudden variations of pressure. It evidences, however, a limit 

^ io the reserve force of the heart. With increase in peripheral 

ieistance, increased cardiac energy is re<]uired to keep the 

■ BBme volume of blood flowing through the capillaries, and, if 

i.it is lasting, the working ability of the heart must bo raised to 

K higher average level. This necessitates either more or larger 

I' muscle fibres. Hence, permanent high blood-pres- 

Isure cannot be maintained without hypertrophy 

[of the left ventricle. 

. In Arterio-BcleroBii.— When we leave the domain of theory 
for the world of observed facts, we find the most complete 
coniirmation of these conclusions in the ease of arterio-sclerosis. 
In many cases presenting evident thickening of the superficial 
arteries, high blood-pressure and the signs of an enlarged left 
■ventricle, with ringing aortic second sound, concur. Many 
cases in my experience, however, have failed to show increased 
tension with the sphygmomanometer, and the Uterature abounds 
with similar reports (see Arterio-sclerosis, Chapter VII, 1, C.), 
which have been a stumbling-block to many. Autopsy obser- 
vations coincide with this, cardiac hypertrophy often failing, 
in spite of well-developed arterio-sclerosis. The explanation of 
this lies in the local distribution of the process. The arterial 
changes, as all pathologists know, affect different portions of 
the vascular system in a most irregular way. From the physi- 
olc^cal considerations, we should not expect an effect on general 
blood-pressure, or on the heart, where the splanchnic arteries 
have not suffered. This has been beautifully substantiated 
from the anatomical findings by Hasenfeld, and by Hirsch. 
In careful investigations of the comparative weights of the 
- separate portions of the heart and the body weight, by Miil- 
ler's method, they proved definitely that : Arterio-sclerosis 
leads to a hypertrophy of the left ventricle only 
when the splanchnic arteries or the aorta above 
the diaphragm are highly diseased. The arterio- 
sclerosis of the remaining vascular districts 
does not appear to exert this influence. The cor- 
respondence between this and the results of ligature of the 
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aame veBsels in the roaoar<]h labonitory fifty years before, is 
good proiif of the fuiidaiiiorital iiiiportiince <.>f physiologic 
Imowletlge in t'linical nioiiicinc. 

b. In Benal Diieaae. Theories of Cardiac Hypertrophy. — Witbi 
the hyiiertensioii (jf renal disease the facts admit of less ready' 
explanation. Bright, in lii:(6, first recognized the coincidenooi 
of a hypertrophied heart and alterations in the kidney, with 
the clinical picture which bearB his name. He postulated an 
altered composition of the blood as the cause, which he said 
might either stimulat« the heart abnormally, or increase the 
resistance in the small vessels and capillaries. Though many 
new facts have been adduced, no theories have yet been de- 
duced which are much nearer the truth. 

The older explanations, from Traube to Cohnheim, were 
purely mechanical, referring the hypertrophy, either directly or 
indirectly, to inci-ease in total blood-volume, or to increase in 
reeistaoce due to the narrowing of the vascular stream-bed in 
the kidneys. Neither of these are tenable in the light of physi- 
ological experiment, or of clinical fact. Johnson first intro- 
duced the chemical stand|H)tnt, supposing that the accumula- 
tion of wast^ products in the blotxl causes vaso-motor spasm, 
and secondary hypertrophy of the muscular coat' of the arteries. 
O. Israel showeti that the accumulation of nitri^enous waste 
(urea) iu guinea pigs might produce hypertrophy of the heart, 
and looked on this as due to a direct stimulation. He con- 
sidered the increased work of the heart a compensatory m«ch-: 
anism, counteracting the deficiency of renal parenchyma b; 
supplying the remaining portions an increased amount of blood. 
Elspecially striking in his work was the absence of any signifi- 
cant change in blood -pressure, despite the cardiac hypertrophy. 
This seems to me evidence that in clinical, as opposed to ex- 
perimental nephritis, damage to the sjilanclinic circulation must 
be an essential factor. Gull and Sutton went to the opposite 
extreme and looked on the whole development of nephritis as 
secondary to a general change in the arteries, which they 
euphoniously named " arterio-capillary fibrosis." Theorira of 
nervous and other origiits have also been brought forward, but 
not with the same influence on medical opinion as those men- 
tioned. 

Certain newer facts with relation to the cardiac hypertrophy 
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of Bright'a disease must Ite mentioned. The meet important is, 
that post-mortem statistics have proven in most cases the 
hypertrophy of the whole heart, auricles and right heart, as 
well as left ventricle, Bamberger's figtires showed this, and 
the careful tabulations of Hirsch, by Miiller's method, confirm 
it. The latter, however, in the early stage of contracted kid- 
ney, saw only the left ventricle enlarged. Even Senator, who 
lays much stress on the hypertrophy of the portions of the 
heart which are not directly affected by increased aortic pres- 
sure, considers it proven that the hypertrophy of renal disease 
affects the left heart, either exclusively or to a disproportionate 
degree. He believes that, in contracted kidney, pure concentric 
hypertrophy is found; whereas excentric, or hypertrophy with 
dilatation, is the rule in chronic parenchymatous nephritis. 
Adami, on the other hand, disputes the existence of pure con- 
centric hypertrophy under any circumstances, from observation 
and theoretical grounds alike. Other facts of importance are ; 
the great frequency of splanchnic arterio-sclerosis in renal 
disease, a matter of common observation and especially noted 
both by Hasenfeld and Hirsch; also the appearance of high 
blood -pressure in acute nephritis at a very early period, cardiac 
hypertrophy not occurring until much later, and requiring at 
least one month for its development. Traube first called at- 
tention to this, Kiegel later. 

Senator's theory distinguishes between the origin of the 
hypertrophy in contracted kidney, and in other forms of 
nephritis. In the latter, acute and chronic parenchymatous 
nephritis especially, he considers there is a more active irritant, 
and more retention of waste products. The vessels outside the 
kidney, as well as the latter itself, are damaged by the irritant, 
and this causes the cederaa, which for a time removes some of 
the irritant and excretives from the blood. If the renal lesion 
heals, the irritant has disappeared, cedema is absorbed, and 
heart and vessels again become normal. If the process becomes 
chronic, the continued slighter irritation and accumulation of 
waste act as constant stimulants to heart and vessels, causing 
hypertrophy of the former and thickening of the latter. Since 
the systemic circulation is under a much higher relative pres- 
sure, the left ventricle must be especially affected. In chronic 
interstitial nephritis he presupposes a much weaker irritant, 
U 
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affecting kidneys, heart, and vessels simultaneously. Nitrog- 
fflious excretion is not diminished until late, when much renal 
epithelium has been l<tst; then a further increase in pressure 
occurs. In consequence of the heightened pressure, more blood 
will pass through the kidney, and the urinary water and salts . 
will be increased. The supposed irritant probably arises out^ J 
side the kidney. I 

Within the last few months Erben has proposed that wO'J 
should regard the albumin hunger of the cells, called forth by jj 
the albumin deficiency in the blood, as the primary cause of . 
the rise in blood-pressure and cardiac hypertrophy; the mech- 
anism of its action being partly through the vaso-motor system, 
partly by increased work of the heart to supply the demand for 
more nutritive material. Since all the previous researches col- 
lected by Askanazy, as well as his own studies on a large 
material, show a normal blood composition and entire absence 
of hydriemia in the types of nephritis without cedema — the cases 
in which the highest blood-pressure is seen — this theory does 
not appear to hold water. 

From the number of these theories it is obvious that no 
single explanation can harmonize all the observed facts. 
Either new light must come which will unify our present evi- 
dence more completely, or our generalization must be less ex- 
tended and recognize the coincident action of several causes, 
now one and now another preponderating. From the standpoint 
of the blood-pressure, not of the cardiac changes, it seems to 
me that an increase in peripheral resistance, together with 
some loss of the regulating function of the visceral circulation, 
must be assumed. O. Israel's experiments, for instance, in 
which artificially produced nephritis led to cardiac hypertrophy, 
did not show an appreciable rise in pressure. Here the vessels 
were evidently unaffected. The hypertrophy, but not the 
blood -pressure, went hand in hand with the loss of secreting 
renal substance. In human nephritis such a definite relation 
does not exist. Besides, with all due allowance for the un- 
doubted hypertrophy of the whole heart in contracted kidney, 
it seems to me that overmuch stress is laid on it, from the 
small number of webbings by Miiller's method, compared with 
the impression of pathologists from many thousand autopsies. 
Even Hirsch admits tbat.the early cases do not show it, and 
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that left ventricular hypertrophy pre«lominatea in all cAses. 
Observatioas for a Duniber of years will he necessary to clear 
up this point, and systematic blood- pressure records on all 
nephritic patients will add greatly to the value of the i>oBt- 
mortem findings, which allow us to judge of physiological 
alterations only by inference. 

"Whether the increased resistance and the loss of aplanchnio 
regulation are one and the same, that is due to narrowing of 
the visceral circulatory £irea, either through vaso-motor spasm 
or anatomical change; or whether some of the increased re- 
sistance lies outside the abdominal vessels, is another problem. 
Again careful pressure observations during life will help us. 
Kreiil ^ thinks continued spasm a priori unlikely. Hirsch and 
Beck were unable to prove increased viscosity of the blood in 
the majority of cases of nephritis they examined, but it was 
markedly greater than normal in three cases of genuine con- 
tracted kidney. More studies of this, and of the osmotic pres- 
sure of the blood, are to be desired, since general peripheral 
resistance might thus be raised. It is also conceivable that 
increased blood-volume, which in the presence of a normal 
vaso-motor mechanism is powerless to raise pressure, may 
contribute to this end when the regulation is disturbed. As a 
factor in chronic interstitial nephritis it cannot be considered, 
but in the acute forms, where actual retention occurs, it may 
be significant, fike Erben's albumin hiinger of the cells. Cer- 
tainly contemporary opinion inclines toward the primary 
stimulation of the heart as the cause of its hypertrophy. I 
am quite willing to admit this as one fat^tor, especially in the 
various forms of parenchymatous nephritis. I also think that 
the hypertrophy of the whole heart in chronic Bright's, which 
appears late, probably owes its origin to this cause; the reten- 
tion of waste products, which occurs during the latter part of 
chronic cases being the possible stimulant. Nevertheless, for 
the reasons already given, I cannot abandon the opinion that 
increased resistance and diminished splanchnic compensation 
are essential hypotheses for the comprehension of the arterial 
hypertension, in the light of our present knowledge, whatever 
be the source of the irritant which evokes them. 
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c. Ie Angio-flcleroBis. — One other claits of cases with esseii'^ 
tial hypertension roniains to be considered. It is entirely a 
clinical group, and one which depends for its differentiation 
lai^ely on the sphygmomanometer. In it are comprised all 
those persons who show permanently high blood- pressure, but 
neither discoverable arterial thickening, nor any clinical evi- 
dence of nephritis after repeated examination, not only as to 
the pr&ieuce of albumin and casts, but with reference to the 
(piantity of water and solids excreted as well. v. Basch has 
done the greatest service through insisting on the recognition 
of this condition, which he calls angio-sclerosis. While I 
sider many of his cases of so-called " manifest angio-sclerosia 
as undoubted chronic nephritis, and am not convinced as W 
many of his pseudo-type, there remains the large group, which 
he names "lat«nt angio-sclerosis." Huchard has a similar 
picture in mind in his "presclerosis." This condition, high 
hlood -pressure, some cardiac hypertrophy, and symptoms 
erable as a rule to relative insufficiency of the heart, in midi 
aged or elderly per.sons, who give no evidence of peripheral 
urterio-scler<isi3 or chronic Bright's, is comparatively frequent 
in my experience. I am convinced that its recognition and 
treatment are important. The special consideration of it will 
follow later. As to its cause, early sclerotic changes in the 
splanchnic vessels, as maintained by v. Basch, seems the most 
probable. 

D. Effects and Dangen of HyperteiiBioiL— Hypertension is not 
merely a syinjitom of diagnostic and jirognostic value, nor is it 
to be considered only a.-* an effect of causes acting on the heart 
and vessels. It is of itself a source of altered function 
throughout the circulatory system, which leads to further sec- 
ondary changes. These cannot in all cases bo clearly sepa- 
rated from the primary changes producing the high pressure, 
but they may frequently be difitingui.'^hed anatomically as well 
as theoretically. 

ft. For tlie Heart. — For the heart, increased p 
sure necessitates increased work to maintai: 
the same intensity of capillary circulatio: 
greater importance than the need for absolute increase of 
diac energy, is the relatively greater increase in the dei 
during muscular exertion. The mechanical disadvant^^ 
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increased peripheral resistance is the same iii kind as that c£ 
narpowing the aortic orifice. Bermo Lewy ' has demonstrated 
for this, as for the other obstructive lesions, the extreme grade 
to which the necessity for a larger blood-tiow during exertion 
augments the work of the heart. Since this additional output 
may raise the heart's work as much aw tbirteen-fold, it is evi- 
dent that hypertension, like valvular lesions, will sooner lead 
to failiire of compensation in those whose occupations are 
laborious. 

The influence of nutrition is equally potent. It is weU 
known that hypertrophy cannot occur unless the heart-muscle 
is well-nouritihed (Krehl, Benno Lewy, Rosenbach, etc.). 
Therefore accomm*xlation to hyi>erten8ion is apt to be more . 
complete in the young and vigorous and fail most conspicu- 
ously when wasting disease is present (see Sibson's cases). 
Most important, however, as a source of danger, is the occiu-- 
rence of structural alterations in the wall of the heart. Hasen- 
feld and Romberg showed in healthy dogs, that hypertrophiod 
heart-muacle may possess the same reserve force as the nor- 
mal. Nevertheless, as Krehl* says: "It can, but unfortu- 
nately it usually does not. In reality the old dictum of medi- 
cine remains justified : A hypertrophic heart is not 
so good as a normal one." Whether we consider the 
dama^ to the hypertrophic muscle as due to degenerative 
changes, as did the older pathologists; as secondary to scle- 
rosis of the coronary arteries (Krehl,' v. Bascb, Huchard's 
cardio-sclerosis) ; or adopt the most recent view of Albrecht, 
that chronic interstitial and parenchymatous inflammatory 
processes are an integral part of the hypertrophic process; at 
least we may feel sure that, sooner or later, the accommodative 
power of such a heart will become insufficient for the demands 
upon it. 

The degree of hypertension and tJie time of development of 
the cardiac insufficiency have no relation to one another. 
V. Basch, in his bofjk, has brought this out admirably, and his 
findings coincide with my experience. An increasingly high 
blood-pressure is a much more serious sign than any absolute 

■ Lew;. Benno. Zeitsthr. f. kliii. Med., 1S9T. voL x»i, p. 633; 
• Krehl, L. Palhol. Physiol., p. 51. 

■ Krehl, L. Erknuk. dea HerzmnskeU, p. 8S0. 
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value, especially when treatment fails to influence it. WiUll 
the development of symptoma from the side of the heart theV 
pressure may fall, or it may even rise; in the latter case indi*-! 
eating a atill increasing peripheral resistance; in the former, I 
of course, a diminution in cardiac energy, ■ 

The most common complaints one meets with in this con- I 
dition are: dyspnoea on exertion, or the more severe spontane- n 
OU8 attacks, which we call cardiac asthma; precordial distreSB, 
varying in degree from slight suhsternal oppression or a feeling 
of tightness, to the most intense angina pectoris; and subjec- 
tive or objective disturbances of the heart's rate or rhythm. J 
Attacks of cedema of the lungs are rarer and depend on the J 
sudden development of weakness of the left ventricle, throw- 
ing more work on the right than it can perform.' If the right 
ventricle gradually becomes secondarily insufficient, then gen- 
eral venous congestion and oedema set in. Death may come 
suddenly in an anginal seizure, or an attack of cardiac asthma 
or pulmonary cedema; or it may be the result of gradual asya- 1 
tole. 

b. For the Arteriei.— Not the heart alone suflEers from the 
oEFect of continued high blood- pressure, but the arteries as 
well. The elastic distensibility of the arterial 
wall decreaaes with increasing tension. The 
proofs of this have been cited (see page 2S), The immediatol 
effect on the character of the pulse, a greater systolic elevation] 
of pressure, has been explained. Thus, in all high tvnsionil 
pulses, where the circulation is at all ade<iuate, one finds aM 
difference of 50 to 80 mm. between systolic and diastoUc pree^l 
sures. The continued overstretching of the walls of the arte- 
ries leads in many cases to a general dilatation of the larger 
vessels, which are subject to the greatest systolic strain. The 
most straightforward examples of this are seen in aortic in- 
sufficiency, where the systolic elevation of pressure is suddesl 
and extreme, but the general mean is not markedly altered. 
Every clinician must have seen examples of such dilatation of 
the abdominal aorta, carotid, subclavian, brachial, radial, and 
femoral arteries, as a result of aortic regurgitation consecutive 
to rheumatic endocarditis in young people, where primary arte- 

' See Cohnhuim and Welch. TJebcr Bcittes LungeDCcdcm. Cohnheiiu'a 
Geutn. Abliandluiigen. Berlin. 1860, p. 593. 
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rial disease is practically excluded. Hasenfeld and Rombei^ ' 
noted a similar dilatation in animab with experimental aortio 
leakage. I have had evidence, both by physical signs and 
fluoroscope, of a dilated ascending aort:a, which simulated 
aneurism, in two such cases. In clu'onic nephritis, a dila,ted 
aorta is not infrequent at autopsy, hut here arterial disease as 
a primary factor is harder to eliminate. Ceri^inly the me- 
chanical moment is an efficient aid in ita production, as of the 
more general dilatations, which are also found in patients with | 
Bright's or some forms of arterio-sclerosis. | 

The smaller arteries may undergo dilatation as a result of 
the increased internal tension to which they are subjected, s 
late event of degenerative changes in their coats, due to gen- , 
eral arterial disease.' Rosenbach believes that with increased 
blood-pressure the arterial walls hypertrophy, because of the ! 
extra work they are called on to perform and the greater 
blood-supply which he considers they receive; the later degen- 
erative changes be calls decompensative, thus classifying 
practically all the art«rio-scIerotJc changes in the arteries, as 
opposed to the arterioles, as secondary to hypertension. The 
hypertrophy of the muscularis, described by Johnson, lends , 
itself to a similar explanation; but so good an observer as 
Senator ' thinks it a chance find. He insists that intima and ' 
adventitia alone show constant increase in thickness in chronic 
nephritis. Recent experiments by Sumikawa are of special in- 
terest. He tied off a considerable portion of artery and sub- 
jected it to high internal pressure, by the injection of salt solu- 
tion. The rupture of some of the elastic fibres, tims produced, 
was followed by proliferation of the media, and of the intima 
to an even greater degree. We may therefore say that the 
differentiation of the complex arterial lesions, and of the order 
of their development is impossible to-day; but that many of 
them are of a secondary nature and, in certain of their fea- 
tures, due to increased internal tension, seems assured. 

The diminished distensibllity of the arteries, 
and the sharp rise in pressure at every systole 
of the ventricles, introduces another danger, 

' See Erehl. Pathol. Phjsiol., p. 106, and Erkr&nk. dea HerzmuskelB, 
p. 889. 

* Senator. Erknakungen der Nisren, p. US. 
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that of rupture. We know that the healthy artery can 
stand a strain which the most extreme hypertension never ap- 
proximates. Given the degenerative changes, however, which 
are common in diseaaes associated with high blood-pressure, 
plus the sudden augmentation of tension which excitement and 
exertion cause, and rupture becomes probable. Experi^ice 
bears this out. Of Bright's original cases a lai^ proportion 
diedof apoplexy, and the occurrence of cerebral hiem- 
orrbage as a common termination of Bright's 
disease has been well established. All the recent 
literature of clinical sphygraomanometry confirms it, from the 
standpoint of high arterial pre-ssure. Of course the real cause 
lies in the local weakening of a cerebral vessel. One must not 
consider that height of blood -pressure is any index of the prob- 
ability of an apoplectic aeizure, eave in a general way. 

The other dtmgerous condition due to giving way of the ' 
arterial wall, namely, aneurism, also depends primarily oa 
the local lesion, secondarily on the general presaure. One sees 
a number of cases where high tension is not in evidence. When 
present, however, it is one more element in the already unfa- 
vorable prt^iosis. Nose-bleed is a minor manifestation of the 
same tendency. 



3. LOW BLOOD-PRESSURE (Hypotension) 

For prat^tical purposes we may draw the lino between low 
normal and subnormal systolic pressure at 100 mm. (R. R. 
6 cm.), 90 mm. (12 cm. and G). Of course the real dividing 
line is an individual one, to determine which wo should have 
previous reconis of the same patient in health. This is seldom 
possible, and we must take the lowest normal as our standard, 
just as we do for the leucocyte count. Sex, age, occupation, 
and muscular development may also be taken into account in 
our judgment, if not put into definite figures. One may at any 
rate be sure that 70 mm. is very marked hypotension. 

A. Caniet of Hypotenrios. — a. Waiting Diieuei. — In medical 
practice, hypotension is commonly seen iji wasting diseases 
and cachectic states, such as advanced phthisis, carcinoma of 
l^e stomach, and general paralysis of the insane. If anything 
could be called essential hypotension, this form would most 
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justly deserve the name, for it seems to me imqnestionably 
associated with a reduction in all three factors concerned in 
maintaining the blood -pressure. All the hfe proceraea are 
carried on at the lowest possible level, that is, the functional 
element of peripheral resistance is reduced to its lowest terms. 
The brown atrophy of the heart, found post mortem in these 
very conditions, bespeaks a diminished output of cardiac en- 
ergy; and the reduction of total blood- volume ia etjually shown 
by the small and empty pulse during life, and the bloodlessnesa 
of the tissues after death. 

b. Smga; Infectiona; Htemorrha^.— Temporary faUs in pres- 
sure result Eroiii certain drugs whioli fauae vaao-dilatatioii, the 
nitrites e9[)ecial!y. Poisouoiis duaes of drugs, which paralyze 
the vaao-motor centre or heart, naturally result in a fatal fall. 
Chloroform is the roost important of these, and low arterial 
pressure occurs early in chloroform ansestliesia and needs care- 
ful watching. Various infectiona and toxemias may be accom- 
panied by hypotension in some persons, and are most apt to be 
when severe. Typhoid fever is more frequently hypotensive 
in the average case than the other acute diseases, pneumonia 
least. Hieraorrhage, when profuse, or occurring in persona 
whose vaso-motor centres have lost their normal function, aa 
in shock or severe infections, leads to a rapid reduction of 
pressure. 

0. Tenninal Hypoteiuion.— It goes without saying that the 
process of dissolution is attended by a fall in blood-pr<»«ure to 
the zero mark, irrespective of which particular leg of the tripod 
of life gives out first. The rapidity with which this terminal 
or agonal hypotension develops, differs much. In sudden car- 
diac death, as seen in aortic disease or angina pectoris, or in 
enormous beemorrhage, it comes almost instantaneously. After 
lingering illness, pressures below CO mm. (R. R. 5 cm.) may 
persist for several days before the termination. In such cases 
the hypotension is of some value as a sign of the impending 
end, but usually it Is but one of many. As a rule, the terminal 
fall in pressure may be measured by minutes or hours, not 
by days, 

iL Collapae and Shook,— a, Gonersl Peatnrea.^There are two 
conditions, the one medical, the other surgical, in which hj-po- 
tenaiou is more than a symptom; it is the essential maoifesta- 
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tion of the oerious disorder of functiou which lies back of the^ 
clinical pic-ture, and it is the chief source of danger to life. 
These two conditions are called collapse and shock. Collapse 
is seen in acute disease at the height of the infection, and, when 
severe, results rapidly in a fatal issue. It follows large h^em- 1 
orrhages, but in this form will not be discussed here, since thel 
causative factor, loss of blood-volume, is Bomewhat different. ■ 
It also makes an appearance under the same circumstances 
which lead to shock, especially prolonged operations, in par- 
ticular those involving repeated manipulation of the intestines 
and insults to sensory nerve trunks, or accompanied by profuse 
hiemorrbage. Though there is much discussion alike over the 1 
definition and the causation of shock, there seems no good ' 
reason for considering it more than the fully-deveh)ped condi- 
tion, of which collapse is the forerunner. Both shock and the 
collapse of the aciit* infections have, in the last few years, been 
the subject of much fascinating experimental study. Tho 
former has amused widespread interest among surgeons, and | 
will be considered in detail in the chapter devoted to blood- 
pressure in surgical conditions. The latter, unfortunately, in 
view of the importance of the work done, ha** attracted much 
less attention than it should from physicians and pathologists 
in our country. 

Sudden death during the height of an acute infection, be li | 
pneumonia or diphtheria, or, as is less usual, typhoid fever, 
nine times out of ten is set down on the death certificate, and in 
more pretentious medical literature, as " heart failure." How- 
ever, the phenomena often resemble those of profuse haemor- 
rhage, and, in typhoid fever especially, the differential diag- 
nosis between the two offers great practical difficulty. The 
pulse in collapse becomes small, empty, and rapid; there is no 
syateniic venous congestion or pidmonary cedema; merely 
extreme prostration, cold skin, the changed facies, and tlie 
ineffectual heart. This striking similarity to death from htem- 
orrhago, and the absence of the usual seiiuences of cardiac 
asystole, have made numerous clinicians interrogate the ordi- I 
nary interpretation and ask themselves whether, after all, the I 
patient's vaso-motor mechanism might not have failed; thoB, T 
as it were, bleeding him to death into his owq veins {ee 
page 18). 
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b. Ezperimeatal Eridence. — This iiueetion has heen ap- 
proached from the experimental side during the last five years, 
with results which seem to me <[uite conclusive. The first 
paper of Romberg and Passler should be read by every one 
who cares to see purely clinical problems elucidated by the 
methods of experimental physiology. They studied the fatal 
collapse which occurred in rabbits after infection with the 
pneumococcus, the bacillus pyocyaneus, and the diphtheria 
bacillus; the first producing a true septiciemia, the latter a 
local lesion with general toxsemia. All of the two hundred 
and fifty animals used were autopaied, and the heart and other 
important organs examined microscopically. Their method 
consisted in observing the meau carotid pressure at different 
stages of the disease, and the effect upon it of (1) abdominal 
massage, which increased the work of the heart, by supplying 
it with more blood; (2) compression of the aorta above the dia- 
phrjvgm, which makes the work of the heart maximalj (3) 
irritation of the nasal mucous membrane with a Faradic cur- 
rent, which causes extreme reflex vaao-conatriction; and (4) 
short asphyxia {30 sees.), which acts similarly, only on both 
medullary and spinal vaso-motor centres, while sensory stimu- 
lation affects only the centre in the medulla. They reasoned 
that, should there be no rise in pressure from sensory irritation 
or suffocation, while abdominal massa^ and hgature of the 
aorta still called forth a well-marketl one, then the heart must 
be functionally capable and the vaso-motor mechanism para- 
lyzed. To determine whether the central or peripheral vaso- 
motor mechanism was at fault, they used injections of barium 
chloride, which cause constriction of the arteries by purely 
local action upon them. 

Their experiments showed that the blood-pressure and the 
r^ponse to all the procedures remained perfectly normal 
throughout the early stage of the disease, being unaffected by 
the fever. The greatest elevation of pressure was obtained on 
stimulating the mucous membrane of the nose. When the 
animals showed signs of impending collapse in their behavior, 
the blood-pressure, though still normal, began to sink, while 
the heart beat more forcibly. Hand in hand with this went a 
great reduction in the rise of pressure from sensory irritation, 
a moderate decrease in the asphyxial elevation, but as high a 
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pressure as t)ofure after abdominal massage. In many caaes ^ 
the preBBure did not fall until the reflex rise had been almost 
abolished, evidently being maintained by increased cardiac 
energy, in spite of the vascular dilatation. Finally, in complete 
collapse, which developed very rapidly, the aortic pressure fell 
to the lowest level, as after destruction of the spinal cord ; no i 
reflex rise could be obtained, but abdominal massage gave an 
inunediato elevation. It was evident, therefore, that the 
circulatory disturbance at the height of thAl 
infection depended absolutely upon a paralysieJ 
of the vessels, not upon any damage to thel 
force of the heart. 

As regards their reaction to compression of the thoracal 
aorta, the diphtheria animals showed a divergence from thai 
pneumococcus ones ; the latter evincing prat-tically normal car- J 
diac reserve force, while the former showed a distinct falling J 
off. Anatomically, also, the diphtheria hearts liad suffered. | 
damage, parenchymatous d^eneration being well marked, as { 
in chnical diphtheria. The pneumococcus animals had scarcely ! 
any change in their cardiac muscle. This evidence of weakneea \ 
in the heart muscle in diphtheria was of minor importance, the 
real cause of death in all caaes being the complete loss of vaso- ' 
motor tone. By intravenous injections of barium chloride they 
proved decisively that this was due to central paralysis. 
Their conclusions wore, that all three organisms uued damage 
the circulation through paralyzing the vaso-motor centres 
throughout the medulla and cord; this vaso-motor paralysis 
leads to a fall in blood-pressure, and further, to a changed 
blood distribution; the splanchnic circulation is overfilled, the 
brain, muscle, and skin vessels are empty; the heart is not 
affected, except secondarily through insufficient blood-supply. 
These conclusions appUed only to the deaths at tlie height of 
the infection, not to those at a later stage in the disease, or 
during convalescence. Another piece of work from the Leipzig I 
clinic, by Hollwachs, published at the same time, brought these ] 
later deaths, in diphtheria, into relation with the graver struo- j 
tural changes in the heart (acute infectious myocarditis). 

In line with this investigation, Heineke showed later that [ 
a paralysis of the niedulUiry centres is the cause of death in, 
perforative peritonitis, a condition almost invariably a 
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with profound collapse in man. He drew attention to the 
fact that the heart continued to beat after respiration had 
ceased. Hasenfeld and Fenyveasy also demonstrated the slight 
functional damage to the heart in acute fatty degeneration 
caused by phosphorus, and considered the cause of death in 
artificial phosphorus poisoning a vascular paresis; a position 
which Pal justifies from clinical observations. 

Hasenfeld and Fenyvessy, as well as Romberg and Paasler, 
found some loss of power in the fatty hearts, nevertheless, 
Since that time, the cardiac factor in collapse during diphtheria 1 
has received special attention. Roily, hy carefully planned 
experiments with diphtheria toxin, injected into an isolated 
heart-lung circulation (Hering's method), found a direct action 
of the poison upon the heart, which led rapidly to a fatal issue 
in spite of artificial respiration. Most interesting in his exper- 
iments was the length of the latent period, often as much as 
twenty-four hours, during which no symptoms occurred after 
the most enormous doses of toxin. When the heart began to 
fail, death folli>wed rapidly, and nothing could ward it off ; 
perfusion of the heart with normal blood being insulficient to 
wash out the poison. Roily predicated a gradual fixation of 
the toxin in the cardiac muscle as the explanation of these 
phenomena. Of late v, Stejskal has combatted the theory of 
vaao-motor death in diphtheria, and, in elaborate experiments, 
in which he measures aortic and left auricle pressure simul- 
taneously, endeavors to show that failure of the heart is, after 
all, the primary cause of the fatal hypotension. His method is 
not wholly convincing, and he admits the involvement of respi- 
ratory and vaso-motor centres as well. Passler and Roily 
have met his criticisms and, by a more thorough application of 
his own method, they have shown that, while damage to 
the heart is actual, nevertheless it is not the 
cause of death at the acme of the infection. 
This, in diphtheria, as in pnoumococcus septi- 
caemia, is due to vaso-motor paralysis, which 
the heart is able for a time to counteract, 

For surgical shock, Crile's exhaustive experiments seem to 
give us an equally secure basis for regarding the clinical pic- 
ture as one of extreme and dangerous hypotension, due to ex- 
haustion of the central vaso-motor mechanism. He approached 
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the problem by similar methods, and his book, " Blood-Presaure 
in Surgery," should be read by all who deaire the evidence at 
first hand. Him experiments numbered two hundred and fifty- 
one, on two hundred and forty-three animals. All were re- 
duced to full surgical aufesthesia. Shock was induced, as a 
rule, hy exposure and manipulation of the intestines, or by 
skinning the animal. The blood-pressure fell prt^^reesively, 
and the reflex rise from stimulation of the sciatic nerve, or 
peripheral irritation (burning the paw), diminished pari [>assa 
with it. When the animal was in profound shock, which re- 
quired at least half an hour for its development, the blood- 
pressure was about 'iO mm,, practically no reflex rise could be 
obtained, and strychnin was powerless to aflFect it. The 
setiueuce of events was identical in animals whose hearts bad 
previously been isolated from the central nervous system. 

In the most profound shock it was possible to raise the 
blo(Ml- pressure to almost any level, and maintain it there For 
long periods of time, by the continuous intravenous infusion of 
adrenaUn in salt solution, 1 in 50,000 to 100,000. A decapi- 
tated dog was kept alive ten and a half hours in this way. By 
increasing the surrounding atmospheric pressure, in a pneu- 
matic chamber or tube, the arterial pressure could be con- 
trolled at will, and paralleled the movements of external 
pressure. This prompt response of the blood-pressure, when 
sufficient peripheral resistance was supphed, proved conclu- 
sively that the heart was not at fault; just as in Rombei^ and 
Pfissler's experiments, ligature of the aorta demonstrated the 
functional capacity of the heart in the collapse of acute dis- 
ease. On the other hand, the complete abolition of the reflex 
rise in pressure, and of a rise from central stimulation with 
strychnin, while adrenahn produced normal vaso-constriction, 
showed that central vaso-motor paralysis was the 
real cause of the hypotension. 

Porter and Quinby have recently interposed some objec- 
tions to the theory that exhaustion of the vaso-constrichw 
centre, or neurons, is the essential cause of shock. These rest 
upon a few experiments, in which they proved that stimulation 
of the central end of the depressor nerve produced the same 
percentage fall in blixxl- pressure, in rabbits and cats, after shock 
bad been induced, as in their normal state. As one of thdr 
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protocols shows an identical result sifter section of the dorsal 
cord, which eliminates the medullary centre entirely, I ain un- 
able to follow their reasoning. I cannot see that they have 
eliminated a vagus depression of tlie heart, which Crile found 
was not at all diminished in shock. Neither do they indicate 
the depth of shock produced. 

A rapid fall in blood -pressure during operation, due to 
hcemorrhage or other causes, in which the vaso-motor centre 
has not become exhausted and will still respond to peripheral 
or central stimuli, is called collapse. Between it and shock, 
Crile draws a sharp line. I am unable to see that the distinc- 
tion is more than one of degree, but it unquestionably justifies 
Crile's methods of treatment in the profound cases. This will 
be discussed in more detail in the chapter relating to blood- 
pressure in surgical conditions. 

c. Practical Aeinlti. — In the light of all this evidence, I 
think we must regard collapse and shock, whether seen medi- 
cally or surgically, primarily as disturbances of the functions 
of the vaso-motor centres. Both for prognosis, and as a guide 
to treatment, therefore, the sphygmomanometer becomes valu- 
able. It alone can give warning of the onset of the hypoten- 
sion, which accompanies vaso-motor paralysis. Crile's me- 
chanical support of the circulation by a pneumatic suit is the 
direct outcome of his blood-pressure researches, and promisee 
much in the treatment of operative shock. In acute disease, 
far too Httle use has been made of blood -pressure observations 
to control treatment. The only careful work along these lines 
has been that of Cook, and of Cook and Briggs. Their results 
are so encouraging that blood-pressure charts should become 
conmaon, at least in hospitals. In private i>ractice I have 
found that an intelligent nurse can easily make the necessary 
systematic observations on these cases. 

C. Effect! and Dan^rs of Hypotension.— Abnormally low 
blood -pressure must lead to an accumulation of blood in the 
veins and a slowing of the current in the arteries, if it be pro- 
gressive. This will of course affect the capillary circulation, 
and the nutritive and secretory processes dependent on it. 
The great accumulation of blood in the abdominal veins, which 
results from extreme loss of vaso-motor tone, naturally affects 
the blood distribution markedly, and lessens the amoimt of heat 
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given oflf from the surface of the body, thus intTeasing fever. § 
Most serious, however, is the dauger to the heart. Both in 
physiological experiment (see page in), and in pathological, 
we have found that complete loss of vaso-motor tone soon leads 
to death, because the ventricles discharge their contents into 
the flaccid arteries, and receive less and less blood from the re- j 
laxed veins. The diminished energy of contraction with dimia- 
ished ventricular contents, which Frank demonstrated (see 
page 15), completes the vicious circle. Pal's observations of 
the empty ventricles, found at autopsy in persons dying of 
phosphorus poisoning, are the patboI(^cal evidence of this , 
mode of death. 



4. THE RELATION OF BLOOD-PRESSU.RE TO 
PULSE-RATE AND TEMPERATURE 

Marey used to teach that arterial jiressure and pulse-rate ' 
varied inversely to one another and, in fever especially, that 
higher temperature and more rapid pulse went hand in hand^ i 
with diminished pressure. His reasons for this were in part 
sphygmt^raphic, in part theoretical. The older clinical stata- ' 
ments, from the evidence of the less acciu-ate instruments, J 
were usually positively for or against Marey's teaching. Wet« 1 
zel, and Reichniaim believed a fall to he the rule in fever, Zadek^ ' 
and Amheim taking the contrary view and claiming a rise. 1 
Giglioli thinks the relation is usually an inverse one. 
and Kuhe-Wiegand, however, among the older writers, and] 
more recently Alezais and Francois, Heusen. and manyf 
others, have demonstrated that the real reason for such ma- J 
tually conflicting opinions lies in the absence of any deflnitel 
relation between the blood-pressure and the temperature. Po-1 
tain looks on the infection as the cause of the lowering of pres- 1 
sure usual throughout acute febrile diseases. He sees in tlupfl 
fever itself an influence for elevation, which makes itself f^ J 
in the lesser rises and falls from hour to hour. 

As a matter of fm't, the blood-pressure in febrile disease is 
subject l« many of the causes for variation which exist during^! 
healtli, in addition to many more. In consequence, no attein[rf 
to explain the smaller features of the pressure curve, unde^f 
such circmnstances, can hope to be successful. The findi 
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of Romberg and Paswler, in the uarly stage of experimental in- 
fections, show that fever, of iteelf, ie inefficient to alter mean 
blood-preaeure. That says nothing as to possible changes in 
the relation of systolic and diastolic pressures to one another. 
It is to be hoped that a study of this in fever, as in other con- 
ditions, may give us new insight into the circulatory changes 
which are certainly associated with the temperature changes. 
The dicrotic pulse, for instance, may find more satisfactory 
elucidation in this way. I have evidence that it is not neces- 
sarily aesociat«d with low systohc pressure. In one case the 
pulse-pressure variation was abnormally increased, as would 
be expected. 



5. BLOOD-PRESSURE AS A GUIDE TO THE FUNC- 
TIONAL ABILITY OF THE HEART AND THE 
ADEQUACY OF THE CIRCULATION 

Strangely though it sounds, the mean blood -pressure alone 
tells us absolutely nothing of the heart's ability to carry on 
the circulation. Clinically, normal and even somewhat high 
tension may be observed in patients dying of slow cardiac fail- 
ure. On the other hand, animal experiments have shown that 
fatal hypotension occurs with a heart abundantly able to main- 
tain a high -pressure, if it were supplied with a sufficient 
peripheral resistance. The explanation is simple, when one 
remembers the reciprocal relations of heart and vaso-motor 
system. A very small amount of blood may enter the aorta 
at each systole, but if the arterioles be so tightly contracted 
that only a similar amount can escape into the capillaries, the 
aortic pressure will be unchanged. In such a case the systolic 
and diastolic variation will be slight. On the other hand, 
even though the heart deUver five times the normal output in 
a minute, if the arteries are so dilated that six times the usual 
quantity passes on into capillaries and veins, the aortic pres- 
sure will rapidly fall. Hero the pulse-pressure change will be 
large, the diastoUe pressure very low, and the systolic perhaps 
normal. It is therefore evident that the measurement of the 
two pressures will give us much more information about the 
actual .state of the circulation than either alone, or than the 
mean pressure, because affording some little insight into the 
12 
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systolic puke-volume of the left ventricle, Erlanger andl 
Hooker believe that, imder perfectly Dormal coiidittous, tliSfl 
pulse-pressure (difference between diastolic and systolic prae- 1 
sure) varies directly with the acceleration of blood-flow pro- I 
duced by each pulse- wave. 

In patholo^cal conditions there are too many possible vari- I 
ables to justify such an opinion. When the distenaibility of ■ 
the arterial walls is diminished by disease, or more especially 
by high internal tension (see page 35), a small amount of 
blood injected into the aorta will raise systolic pressure far 
more than an equal amount at lower pressure. This does not 
at all indicate a corresponding augnientation of blood-flow. 
As a matter of fact, though changes in the work of the heart 
through variations in aortic pressure are marked, the effect of 
output variations greatly outweiglis them. Zunst hits shown J 
that the heart i» in a position to multi]>ly its work fivefold in J 
an instant, to supply the blood needed for ordinary muscular 
activity. The possible maximum volume increase is much 
larger. In comparison with such ^^res, even a doubling of 
mean aortic pressure looks trifling. Therefore, with the chief 
factor in the heart's work unmeasurable, we should be chary ot i 
our deductions from a known factor of secondary importance. , 

Here, as evers^vhere in medicine, we must correlate all the] 
evidence, of which the reading of the sphygmomanometer i 
but part. A heart may be carrying on the circulation normally^ 
in bed, but be inadecjuate to supply the demands of active life. 1 
Blood-pressure determinations during exertion, as made byl 
Moritz, might give light on this, but the subjective evideuMfl 
of dyspncea and jirecordial distress are more readily at hand, j 
Again, with hypotension, the heart may be maintaining t 
circulation with all its reserve force, or with only its ordinary i 
expenditure of energy ; no measurements can tell us which. 

We may at least feel sure that, with norma 
or high pressure, the absence of dyspnoea or dia-l 
tress on exertion argues perfect cardiac funa-| 
tion at the time; also that, with low pressur 
the clinical evidence of a disturbed circnlati( 
may coexist with a sound heart. In either easel 
we obtain more conclusive evidence concerningj 
the peripheral resistance. This has more thattj 
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diagnostic and prognostic value. It may guide 
us to recognizing the necensity for attacking 
the circulation through the vaso-motor eystem, 
when this is at fault, and thus protuct the heart 
from secondary damage, and needless or harm- 
ful stimulation. 
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CHAPTER Vn 

BLOOD-PRESSURE IN INTERNAL DISEASES 

1. Difleases of the heart, arteries, and kidneya. 

A. Nephritis. 

a. Chronic interstitial nephritis. 

b. Other forms of chronic nephritis. 

c. Acute nephritis. 

d. Uraemia. 

B. Cyclical albuminuria. 

C. Arterial disease. 

a. General. 

b. Of the cerebral vessels. Apoplexy. 

c. Other local processes. Thrombosis ; aneurism ; compression 

D. Diseases of the heart-muscle. 

E. Valvular heart-lesions. 

a. Aortic insufficiency. 

b. Other valve-lesions. 

c. Acute endocarditis. 

F. Neuroses of the heart. 

a. Exophthalmic goitre. 

b. Other neuroses. 

Q. Prominent cardiac symptoms. 

a. Angina pectoris. 

b. Cardiac asthma and other forms of dyspnoea. 

c. The arrhythmias. 

H. Effects of exertion on blood-pressure in cardio- vascular 
disease. 

I. Therapeutics. 

Literature. 
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2. Acute infeotioui diBeaieib 

A. Typhoid fever. 

a. H»roorrhage and colliqiseL 

b. Perforation. 

c. Therapeutics. 

d. Late effects. 

B. Pneumonia. 

C. Diphtheria. 

D. Other acute infections. 

Malaria; acute rheumatism ; septic conditions ; influenza. 

E. Acute infections in childhood, 
a. Therapeutics. 

3. Chronio infeetioiiB diieaieii 

A. Tuberculosis, 
a. Iliemoptysis. 

B. Syphilis. 

4. Chronio diieaaos anooiated with impaired nntrition. 

A. Diabetes. 

B. The anaemias. 

C. Cachectic states. 

a. Addison*s disease. 

6. lOaoellaneoiis. 

A. Lead poisoning. 

B. Gout. 

C. Emphysema. Chronic bronchitis. Asthma, 

D. Pleural and peritoneal effusions. 

E. Haemorrhage. 
Literature. 
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BLOOD^PRESSURE IN INTERNAL DISEASES 



I. DISEASES OF HEART, ARTERIES. AND KIDNEYS 

The tabulation of the results of blootl -pressure observations, , 
an of alt other medical statistics, is most unsatisfactory in those 1 
conditions which least readily lend themselves to a uniform , 
classification, and in which the personal equation of the ob- j 
server most conspicuously enters into the diagnosis. Acute 
diseases are, in the main, easily recc^nized, and are always 
placed in the same category. Chronic diseases, however, espe- 
cially those which involve the circulatory system and kidneys, 
are difficult of analysis, even at the post-mortem. In most 
instances heart and arteries are both involved in chronic disease 
of the kidney, and, vice versa, many primary cardiac lesions | 
lead in time to renal involvement. Since the proper classifica- j 
tion of those cases offers such difficulties to the pathologist, 
what wonder that their clinical diagnosis should be so largely 
a matter of individual opinion. I shall therefore at the outset i 
ask pardon for giving my own observations an apparently un- 
due weight in this section, liecauae they are the only ones whose I 
inherent error I can at all calculate. 

A. Hepbritis.— a. Chronic Interstitial Nephritis. — The clinical 
pirture of "the genuine cimtriuti'd kidn''y'"of the Germans, 
" the small granular kidney " <.jf tliu Etigli?.h writers, is in most 
cases sufficiently clear-cut to make the diagnosis during life 
secure. It is essentially a disease of kidneys, arteries, and 
heart combined. Permanent high blood-pressure is one of its 
salient features, higher than is usually seen in any other con- 
dition. Recent sphygmanometric observations have only em- 
phasized this already well-known fact. A systolic pressure af 
more than 200 mm. {12 cm.), 240 mm. (5 cm.), is not uncom- 
mon. Diastolic profisure will be 00 to 80 mm. lower. I have 
seen a number of cases that gave readings over 300 mm. (5 cm.), 
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FlO. 42.— MaRKSD IITPXRT1N8ION IH OHROXIO INTERSTITIAL HSFHRITI8. 

(Author^B and Erlangor^s sphygm. 12 cui.) 

Chart of morning and evening 8yiitolio premuro and pulso-rato, with occasional meaa- 
uremcnt of diastolic pressure, fVom S. A., female, aged fifty-six. City Hospital. 

March 10th ; noso-bleed, 6 oz., for which large doses of iiitroglyocrin were given (see 
Fig. 52). Note the lower pressure next morning. 

March 10th to 18th ; taking nitroglycerin, gr. Vioo, q. 1 h. 

March Uth to 16th ; hot pack, b. i. d. 

March 17th and 18th ; taking potassium iodide, gr. x, t i. d. 

Note the absenoe of therapeutic effect on the average level of blood-preasura. 

Observations by Dr. W. C. Garvin. 



f 173 BLOOD-PRESSURE IN INTERNAL DISEASES 



but the error must hnve been large. The highest pressure in 
chronic nephritis that I have met with, since using the 12 cm. 
armlet, is 255 mm. systolic, 180 mm. diastohc. 

Cases of contracted kidney without hypertension, though 
very rare, do occur. Senator calls attention to the fact that 
cardiac hypertrophy may fail when severe wasting disease is 
present. When seen at the very end of Ufe, in hospital prac- 
tice, the pressure may not be high, especially if the heart has 
become insufficient. The same cases earher would probably 
have shown marked hypertension. Gross, however, reporta a 
case in whicli small kidneys were found at autopsy, and which 
was under obser^'ation six weeks, with pressures between 120 
and U5 mm. (R. R, 5 cm.), rising to only 160 mm. during a 
UTiemic seizure. No other recent observers, of whom Butter- 
mann, Carter, Cook and Briggs, Heneen, Gumprecht, Norria, 
and Potain give especial attention to nephritis, report an un- 
doubted case of contracted kidney with continued low pressures. 
Hensen found very high readings even when advanced phthisis 
was also present, 

DiagnoBtically, hypertension is of the fir^t importance in 
connection with the contracted kidney. In my experience it is 
one of the most constant and, with the sphygmomanometer, 
most easily detected evidences of the disease. The eulai^e- 
ment of the heart requires skill to make out, and, with obesity, 
baffles the expert. The urinary changes are not constant. 
Albumin and casts are freijuently absent, and even quantity 
and specific gravity may be normal at certain periods. A 
single exanunation in office practice may easily fail to reveal 
anything noticeably abnormal. The great advantage of routine 
blood-pressure measuromeuts is, that hypertension will certainly 
be detected. While not a pathognomonic sign, it is, neverthe- 
less, so striking that it puts the physician at once on the alert. 
Given a systolic pressure of over 200 mm., the diagnosis of 
contracted kidney must be disproved by repeated examinations 
before it is abandoned. 

The most atrikiog illastratioa of this in my Tecolleotion was the cue 
of a iiriest of flft;-sii, who consulted my father on account of three eptlep~ 
tiform convulaions which had come, without knowu cnuse, in the ooune 
of six moothi). It was imposaibte to prove ou'dioc liypertrophj. The 
niine showed a traaa of albumin and a few hjaliue casts, with pattwitij j 
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normal quftntity, specifio gravitj, anil urea output. The question vaa be- 
tween true epilejuiv and uremic convulsions. The hlood-preasure, wliicll 
was over 240 mm. (K. R. 5 cm.), thi'ew the hcbIo Id favoi' of their uiiemia 
natnre. KnbaeqDOnt eiBminations ehowed more aonatant uriniLr; cbanges, 
and be died in less than a jear. 

Patients with chronic nephritis frequently conault a physician for nerr- 
OU8 syniptama, for beadac-hes, anginal pain on exertion, slight dyspnisa, 
or even severe cardiac asthma, and, becanse no mnmiurs are present and 
the hypertroplij is overlooked, they are asstired that their hearts are nor- 
mal. Bucli mistakes wonld be impossible were the spliygmomanometer in 
ordinary use. I saw the other day a lady of forty, who tor two years had 
had considerable shortness of breath on exertion. At times she also suf- 
fered from attacks of noctnmal dyspuciiu, with congli and raising of thin 
mnciis, sometimes pink-tinged. She wss not supposed to have any serious 
trouble. On account of her stoutness it was impossible to say anytliing 
about tbe heart, except that there were no valvular mnrmurs. The pulse 
tension did not feel extreme, but the sphygmomanometer showed systolis 
255 mm., diastolic 180 mm. (J. 12 cm.)) systolio 300 mm. +(R. R. Gem.). , 
Urine examination later did not reveal marked change in quanti^ or spe- 
cific gravity, but there was a fair amount of albumin, with hyaline, grann- 
lar, waxy, and fatty casta. She was evidently having mild attacks of pul- 
monary (jedema at night, with chronic nephritis and a left heart insufficient 
for the demands made on it by the extreme peripheral resistance. 

Another patient, who hod previously considered himself in perfect 
health, conanlted n physician on acconnt-of slight disturbance of sensation 
and motion in right arm and leg. which came on suddenly with a tisnsisnt 
aphasia. He had been twice examined when I saw liini ; nothing noted 
alK>ut hia heart, and nriue not looked at. He had marked hypertension 
and simple hypertrophy of the heart, with ringing second sounds. It waa 
easy to predict that the nriuc would probably show where the primary dis- 
ease lay, and the examination showed an enormous amount of albumin. 

Such caseB could be multiplied, but the lessou they have 
taught me is, that an instrument which bo readily gives warn- 
ing of the existence of high tenmon, which might otherwise be 
overlooked during hasty examinations, cannot be dispensed 
with. Our diagnostic methods are not yet so perfect that wo 
can afiford to pass by any reasonable addition to them. 

In the primary contracted kidney I am unable to say that 
any definite relation exists between the actual height of blood- 
pressure and the expectation of life. One patient who, three 
years ago, had a reading above 300 mm. {R. R. 5 cm., to be 
sure on an enormous arm), is in as good condition to-day. A 
gradually increasing pressure, which resists treatment, ig of bad 
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Fio. 43. — Chronic nsphritis; lbft hkmiplkoia; lobar pmeuiKOTnA; drath. 

(Author^B sphygm. 12 cm.) 

Chart fW)m J. F., aged seventy-two, male. City Hoftpital. Old hemiplegia and ohronio 
nephritis ; pneumonia, right lower lohe, bei^inning March 20th« with high temperature 
range. 

Autopsy showed gray hepatization of right lower lobe ; marked cardiac hypertrophy 
(20 oz.) ; general and cerebral arterio-sclerosis ; advanced ohronio interstitial nephritis ; 
areas of softening in each lenticular nucleus. 

Note the maintenance of extreme hypertension until a few hours before death. 
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signiOcstioe when therv are any eytnptoms of cardiac inaofll- 
OMicf , becHuse increasi^ the worlc of the abvadr overtezed 
left ventricle. 

For imtan e e . a gentleaiui of part fill^, with ebnxiio intentltMl ■tyh- 
ritia and ■ mncb fajpertropliied b««it, had been mbiect to uigiial ■itactii 
of moderate Berenlj on esertion [or seveisl Tears. T1i« pain came be- 
matfa the •tennm, at time* also Aovu the l^rft arm to vrisL H« was 
fonneHj able to attend to bia bnnneaa and do ordi&uj aJow valkiag with- 
oat bringing on an attack ofleoer than everj fev weeks. In 1901 bia 
■jstolic lensioo was 230 mm. (K. R 5 em.). In Jannatj, 1908, it wa« 
370 mm., and it did not go below 265 nun. daring tbe rear; ditstolie 190 
to aOO mm. (Etl.). The attacks began (o come after aligfatcr exertion, in 
•pita of the continued nse of Hmall dosea of potaaiam iodide, vhicb had 
alvaja acted well with him ftmnerlr. Bj the latter pari of December 
■jstolie preasore roae to 280 mm., and attaeka were repeated serenl ttviea 
(teilj. By taking nitrogtjcerin, gr. -^ eray three honrs, he was maefa 
better (or a time. This prodac«d a bll of systolic preasnie boa 980 to 
im., of diastolic from 160 to IGO mm,, in three miantea. Soon, bov- 
the pain became worse again, and he was confined to his honae^ and 

not seen again. He died in April. 

Another feature in prognosis is the danger c^.cerebral apo- 
plexy. Since it is impossible to predicate in any way the h'ke- 
libood of local arterial disease in the brain, it must always be 
cunnideret) po^ible, and therefore extreme h^'pertension makes 
one fear rupture. 

The following case, among manr, shows snch s termination, and, in 
addition, the history is of inleresl on account of the recurrence of serero 
attacks of cedema of the Inngs. with CMimxiarBtive health between. The 
gentleman, fortj-fonr reaia of age, had a sndden intense attack of pnl- 
monaiy (edema at night, in Jnly, 1900. This came wichont wamtcg, lasted 
■n honr, and was ao severe that he la; on bis face to let the serum, which 
he raised in great qnantit;, ran ont of his month. Between that time and 
Hay, 1902, he had three severe and fire slighter sttsckH of a similar kind- 
Beyond slight dyspncea on exertion, and occasional palpitation, he was well 
between. In Blay, 1903, he showed a heart coming halt an inch beyond 
the nipple line, with booming first and mnch aeeentnated aortic second 
sonnd, and very slight aortic diastolic mttrmnr. The arteries were some- 
what difnisely thickened. Arterial presanre was 240 mm. <R. R. 5 cm., arm 
thin). The urine showed increased qnantilyand diminished »i>ecific grav- 
ity only. In June lie had five attacks in seven days, after which he im- 
proved. Urine then showed a faint trace of albnmin for the first time, bnt 
no casta. Jsnnary 17, 1903, he became anddenly 
showed complete left hemiplegia, and died 
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mioates. At atttopay, Dr. E. H. Rogers found a large liiemorrhage in the 
right basal ganglia, but not breaking tlirongh into the ventricle. Sach 
a termination has, of conrae, been well known since the days of Bright. 

The sudden developinent of rising pressure, as we shall see 
later, may indicate the onset of acute urfemic manifestations, 
and deserves immediate attention. I believe the blood-pressure 
chart as essential for following cases of renal disease as is the 
temperature record in febrile patients. Figs. 42, 43, and ii 
illustPiite this. 

b. Other Fomu of Chroiiio Hephritifl. — Here I purposely re- 
frain from being more specific, because I do not believe the 
diagnosis of the various types of so-calted chronic parenchym- 
atous or diflfuae nephritis can be made accurately during life. 
In none o£ them is high arterial pressure so constant as in the 
chronic interstitial form. In amyloid kidney, cardiac hyper- 
trophy regularly fails, and Buttermaun, Hensen, and Hayaski 
report cases with subnormal pressures. In the chronic hseniop- 
rhagic form, normal or subnormal readings seem frequent. In 
typical chronic parenchymatous or diffuse nephritis, high ten- 
won may be as marked as in the contracted kidney. 

One patient, a joung woman of twentj-seven. hoD bad abnndant low- 
gravitj nrine, loaded with albumin and casts, for neurlj five years, with 
some cedema of the legH and foce at times. A jear ago she began to show 
well-marked chronic nnemia ; vomiting, weakness, breath lessnesa, and 
increasing oedema, and anieTnia. She also developed albuminuric retinitis. 
Her sratolic pressure, which was 260 mm. (R. B. S cm.) in January, in- 
creased to 270 mm. in March, and in Jnne wns 290 mm. She is still living, 
tbougli in mCber precarions condition. In all probability she is developing 
secondary contraction. 

Another case, a man of twenty-five, had severe gonorrhcea witb cys- 
titis four years before. Two years later lie developed headache and fre- 
quent nrinatioD, and, a few months later, npdema of face and pains in 
back. Nine monlbs licfore he was seen ha had both kidneys decapsu- 
laled by Edebohl's method, and. since operation, bad suffered from con- 
slant headaclie, vomiting, snd weakness, and had become very ancemic. 
Ee passed ri5 to 80 oz. of urine in twenty-four hours, of about 1,010 specific 
gravity, containing very targe amounts of albumin, anil hyaline, granular, 
fatly, and epithelial casts. His heart was not enlarged to percussion, bat 
the apex first sonnd was booming, and the aortic second sound was aocen- 
tnated. Arterial pressure was 220 mm. (B. B. S cm.}. 

On the other hand, a man of fifty-three, who had shown albumin in the 
urine and cedema of the legs fifteen years before, and who for a year and 
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* btU ii*d Dot been free from aonie tedenw uid ftlbnmiiiims, withoat uij 
bevt lesioD, showed, onlj two months before desth, art«risl pressoie 120 
to 130 mm- (RR. 5 cm.). 

Such a case cannot be cUssified, btit shows the possibilitj of pTx>gTeS' 
mte fatal nepbritiii of loog standinK without high tension. In the milder 
forma of nephritis, cardio-TaBcnlar changes may oat derelop. Soch a cod- 
dittoD, for instance, is shovii by a girl of thirteen, who bad acute nephritis 
oonsecntire to dipblberia at three. She recovered at ihe lime, but, for t vo 
Jean past, albumin, and hjaline, granolar, and fattj casts had appeared ia 
the nrine freqneatly. BeTond a slight antemia (h^moglobiD 75 per cent.), 
there were no clinical iTOiptouiB. Her srstolic pressure was 105 mm., 
diastolic 85 nun. (Erl, 5 cm.). There could be no i]neation of the exi8t«noQ 
of a chronic nephritis in spite of the low blood -presanre. 

In the diagnosis of tbeee forms of chronic nephritifl i 
spbygmomanometer gives less aid. Hypertension, if preeent," 
is additional eridence, and points to the existence of cardio- 
vascular changes, with their attendant dangers. Its absence, 
however, in no way negatives the diagnosis. In connection 
with other findings, this negative evidence may be accorded 
some value, especially if the pressure be quite low. Such cor- 
roborative testimony, for instance, helps in deciding whether 
an albuminuria, which behaves in other re^rds like the cyclic 
form, can be considered of little import, or is an early sign of 
real inflammatory kidney disease. 

So far as prognosis goes, as a rule the cases of nephrifad 
other than the chronic interstitial variety, have seemed moi 
severe when associated with hypertension and cardio-vi 
disease. This should be conditioned, however, as applying t 
cases in fair nutrition and able to be about. Where mark) 
cardiac insufficiency or other complicating disease, such ( 
phthisis, is present, low pressure may go hand in hand wii| 
the most serious outlook. 

c. Aoate Nephritii. — The term acute nephritis, as ordi 
met with, embraces an even more heterogeneous group of o 
ditions than the lawt. Everj-thing, from slight cloudy swelli 
to the most intense diffuse inflammation, may be included und< 
it. One would scarcely expect the mild parenchymatons ( 
generaticms to influence hlofxl-pressure. Even the more mark( 
forma of secondary acute nephritis, which do not produce syi 
tonis and which subside with the primary disease, that is, t 
nephritis which usually complicates the severe cases of tj'phal 
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fever and pneumonia, would not bo likely to biive hyperteuBion 
when they give no other evidence of circulatory distiirliance. 
Thus we find Carter stating that no case of this kind he exam- 
ined showed high pressure. Buttermaun, also, noted an ab- 
sence of hypertension in mild acute nephritis, and in one case 
complicating typhoid, in which the urine showed much albu- 
min, blood, and casts. Shaw says that acute kidney disease 
does not appear to cause increased pressure in children. I have 
recently seen a case of subacute nephritis, apparently syphilitic 
in origin, showing albuminuria, with epithelial, blood, waxy, 
granular, and hyaline casts, whose pressure was, systolic 
105 mm., diastohc 85 mm. (J. 12 cm.). 

On the other hand, Kaufmann and de Bary saw moderate 
hypertension in five cases of acute diflFuse nephritis. Butter- 
maun found quite high readings (210, 213, 19.3, 192 mm. R. R. 
5 cm.) in a portion of his cases. One patient with acute scar- 
latinal nephritis had a 50 mm. rise within twenty-four hours 
from the onset of the kidney lesion. In his cases, the pres-sure 
fell with the disappearance of the clinical symptoms of renal 
disease. The older observations of Traube, Riegel, and others 
have already been alluded to. They make it clear that the 
nephritis following scarlet fever produces a rapid rine in arte- 
rial pressure. Sphygmomanometric observations on this form 
of acute Bright's disease are urgently needed, and should 
be recorded graphically in connection with the pulse, urine 
quantity, cardiac changes, and clinical symptoms. Such 
records, with autopsy observations and careful microscopic 
study of kidneys, splanchnic arterioles, and heart, would pos- 
sess great value. They should be instituted in all contagious 
hospitals. 

As to the so-called primary, or idiopathic acute nephritis, I 
can find no specific data. The diagnosis must he made with 
great caution. In hospitals, so far as my experience goes, an 
acute exacerbation of a chronic nephritis is the condition usu- 
ally called primary acute nephritis. In such cases the hyper- 
tension would belong with the chronic process. I think it 
probable that the high pressure also shows an exacerbation 
during the acute symptoms. • 

The greatest difficulty in the way of satisfactory determi- 
nations during acute Bright's is the oedema. Even slight 
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Fig. 44. — Chbokio urjcikia. (Author^s sphyfi^. 12 cm.) 

Chart fh)m J. M., agod forty-four, male. City Hospital. March 16th, began to havo 
an exacerbation of a chronic nephritifi, after an attadL of acute gout ; diminished urine, 
oedema of face, headache, vomiting, weakness. Took digitalis, saline diuretics, hot packs, 
and nitroglycerin, gr. Vso q. 2. h., without effect. 

March 19th, only nitroglycerin, gr. Vm q. 2. h., with marked reduction of tension, 
disappearance of headache, and general improvement 

After March 2lHt tension rose again in spite of medication, falling ten days later with 
the advent of another acute gouty attack. 
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grades of it introduce an error, and, when distinctly appre- 
ciable, vUnical blood-preHHUre measuremeots are impoeaible. 

d. Vnemia. — It is difficult, in the literature of blood-preesoi 
to difftidgui^ between acute and chronic uraemia. Must of the I 
obnervatioDs seem to bear upon the latter condition, but all are 
of real interest. There seems little qutwtion that the urfemic 
manifestations, that is, headache, vomiting, and disturbances of 
consciousness, run closely parallel with the blood-preesure. , 
Fig. 44 ia a clear example of this. Gross cites seven < 
with continued obBervations, in which the symptoms increased 
with the tension and disappeared with its reduction through 
treatment, except that in the fatal cases a gnulual fall in pres- 
sure ushered in the end. CVM>k and Briggs, in their Chart 
XVIII, show the former relation in a striking way, and, in 
Chart XXIX, fatal hypotension in collapse a few hours before 
death from urtemic coma. Laijueur Brst called attention to 
this important prognostic use of the sphygmomanometer. His 
coses showed a rise of 16 to 20 mm. (G.) every time the symp- 
toms became worse, and a corresponding fall after packs, which 
had a beneficial result. The terminal fall in his j)atient8 b^an 
a few days before death, and was attendant upon obvious signs 
of heart weakness. Pal believes that headache and vertigo, 
transitory focal symptoms, amaurosis especially, and uncon- 
sciousness and coma, are alike dependent on high tension in the 
cerebral circulation. The first two, however, are frequently 
associated with conditions of cerebral anstmia, so the c 
tion seems less obvious, though still perhaps circulatory. He 1 
is convinced of the gruat prc^iostic value of blood -presstirA 1 
determinations when uriemia is feared. 

Asooli, in his book, believes that uriemic hypertet^ion is a 
estjiblished fact, and cites a most interesting observation of J 
Forluuini on an acute uremia with convulsive seizures, whichf 
I think merits reproduction in detail here. 

The patient, O. M , a man of forty- tliree, wsa admitted to th« a 
November 80, 18941. with headacLe, dyspntpa, palpitation, and digeataT*! 
dlsturbanoes, wiiioli bad dciveloped reoently, and were increaaing. Ha faad'fl 
had prohatile aauto nepliritia Reveii veara before, cared in (our monllu, I 
He akowod marked enlargement of the lu'arl. witb nccentnat«d aortio a 
sooond HOund, but no marmnrs, Tlie pnlso \rns frequent, umall, and teoMh J 
Arterial preaanre 250 to 270 mm. (It. R. oiu.}. Drine, uUout 2,000 oe. imM 
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tweuty-four hours, specific gravity 1,010 to 1,012, with moderate amonnts 
of albumin and fairly normal total nitrogen. On a milk diet and potassinm 
iodide the symptoms remained nnafifected until January 17, 1897, when, 
after only slight dizziness and chiUiuess for a few hours, a severe convul- 
sion occurred. The following table shows the progress of the case to the 
fatal issue five and a half hours later. 



Time. 



10.30 

.32 

.33 
.36 
.39 
.41 
.42 
.46 
.50 
.53 
.54 

11.03 
.07 
.16 
.28 
.«} 
.35 
.43 
.45 
.46 
.54 
.57 

12.02 
.04 
.09 



Blood- 




preflsuro. 


Pulse. 


mm., Hg. 


112 


314 


320 


. • . 


334 


88 


... 
294 


• ■ ■ 

86 


280 


80 


■ • • 

306 


• • • 

90 


315 


80 


318 


78 


309 


78 


294 


62 


314 


60 


316 


63 


318 


60 


330 


57 


330 


60 


• ■ • 

350 


... 

... 


348 


... 


• • • 


128 


350 


128 


• ■ ■ 

350 


... 
60 


. • • 


• • • 



Remarks. 



The uncinic attack has lasted a few minutes. 

Complete uneunsciousness. 
Clonic convulsions, especially marked in right 

arm. Sweating. Narrow pupils. 



Venesection. 300 cc. 



Venesection. 300 cc. more. 



Vomiting. 

Vomiting : continued unconsciousness. 

Sweating has ceased. 

Vomiting. 



Slight twitching in the right arm. 

Tonic spai<m of the right arm. 

Clonic spasms of the upper limbs. 

General convulsion : involuntary micturition. 

Irregular pulse. 

The general convulsion continues. 

Severe general convulsion. 

The convulsions are increasing in severity. 

The sphygmomanometric observation is discon- 
tinued. The patient died at 4 p. m., after a 
prolongation of the ur&'mic condition. 



The autopsy revealed a great hypertrophy of the left heart ; myocar- 
dium and valves healthy ; hydropericardium, but no other dropsical efib- 
sion ; small, fine-granular kidneys, with adherent capsule, yellow mottled 
surface, much contracted cortex, pale medullary substance. The anatom- 
ical diagnosis was contracted kidney with acute exacerbation, concentric 
cardiac hypertrophy, hydropericardium. 

The highest tension I have met in uraemia, since using the 
12 cm. cuff, was 200 mm., a day before death. 

& Cydical Albmninnria. — The theory has been frequently 
advanced that the condition known as cyclical albuminuria, or 
physiological albuminuria, is dependent on altered circulatory 



mechanicB in the kidney. The effect of posture in many cases 
it) so striking tlmt the name "orthostatic albuminuria" has 
been coined. Two recent studies with the sphygmomiinomet«r 
lend their support to the hypothesis. Edel, io eight cases, 
foimd a fall in pressure under conditions which ordinarily 
L'ause a rise in the healthy man ; viz., rising from bed, and cold 
baths. Coincideutly with this fall, albumin appeared in the 
urine. In warm baths the primary rise in pressure was quickly 
succeeded by a fall, with albumiiuiria, and the same occurred 
after hght exercise. He believes that his studios indicate the 
necessity for physical training and similar methods of treating 
the unstable ciixodation. Erlanger and Hooker made a careful 
study of the relation of blood-pressure and the pulse-pressures 
to the secretion of urine aud albumin in one case. These pres- 
sure determinations with Erlanger's instrument are, of course, 
accurate. They found no constant relation between the amount 
of urine and albumin, and either systolic or diastolic pressure, 
or pulse-rate. They did prove, however, that the amount of 
urine increased and of albumin decreased with increase in the 
pressure variation of the pulse-wave. Since pfisture has a 
marked influence on this (see page ll(i), the pulse-pressure 
being greatest in the recumbent posture, the uniform absence 
of albuminuria in such cases during rest in had, and its marked 
appearance after rising, are intelligible. Albumin excretion is 
known to be dependeut on the rate of blood-flow through the 
kidney, the relation being an inverse one. These observations 
easily explain its variations in such cases, but not the reason 
why it should appear at all, when the normal man does not 
allow it to pass through his kidney parenchj-ma. Coupled 
with Edol's work they throw new light on a rather int«re8ting 
condition, and are valuable chiefly as pointing the way toward 
the solution of siime clinical problems by physioli^cal methods. 
C. Arterial Ditease.— a. General,— The very striking relation 
between the distribution of the arterio-sclerotic process and the 
development of a hypertrophled left ventricle, which Hasenfeld 
and Hirsch demonstrated an clearly (see page 143), explains the 
sphygniomanometric findings in arterial disease. The clinical 
diagnosis of arieriu -sclerosis usually means a palpable thicken- 
ing of the radial, brachial, or temporal arteries. Sometimes 
even the sight of a normally tortuous, but abnormally exposed 
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temporal, is considered adequate proof of disease. At tlie best 
we can but discover sclerosis, diffuse or nodular, with or with- 
out marked calcification, of the larger superficial arteries, by 
the sense of touch. In elderly persons without previous rheu- 
matic history, the development of a systolic aortic murmut, or 
of a distinct lesion of the aortic valves, points toward atherom- 
atous changes in the ascending aorta. Disease of the retinal 
vessels is visible through the ophthalmoscope, and from it we 
may infer similar changes in the cerebral arteries. Thus only 
a bare fraction of the arterial tree lies within reach of our 
methods of exploration, and the most important branches, 
those to the abdominal viscera, are entirely removed from ap- 
proach. The sphygmomanometer is therefore a welcome ad- 
junct to our other means of examination. In my experience 
and that of moat others (Carter, Gumprecht, Hensen, Potain), 
a considerable degree of thickening of the superficial arteries 
may coexist with pressure not above the normal. In hospital 
practice, where i>oor nutrition and heart weakness complicate 
the conditions, even low normal pressures may be found. It 
is not alone the nodular form of arterio-sclerosis which fails to 
raise pressure. I have seen a case of diffuse thickening of the 
superficial arteries in a man not l>eyond middle life, where the 
reading was only liiO mm. (R. R. 5 cm.); and another with 
systolic 140 mm., diastohc about 115 mm. (J. 12 cm.). As a 
rule, however, the systolic pressure will usually be somewhat 
above normal, 160 to 180 mm. (R. R. 5 cm.), 145 to 160 mm. 
(12 cm.), and the diastoUc very httle raised, 110 to 130 mm. 
(5 cm.), 100 to 120 ram. (12 cm.); as, for instance, a man of 
seventy, with extreme calcification of brachials and radials, and 
systolic pressure 180mm., diastohc 110 mm. (Erl. 5cm.). Fig. 
45 shows this moderate hj'pertension and its variations from 
day to day during an acute bronchitis. 

On the other hand, in the cases of general arterio-sclerosis 
with marked hypertension, chronic Bright's cannot be elimi- 
nated without care. The combination is frequent, and gives 
the highest pressures usually met with. A recent case, for 
instance, had systolic 240 mm., diastolic lOO mm. (J. 12 cm.); 
with the 5 cm. cuff, systolic 200 t« 300 mm., diastohc 195 mm. 
Excluding nephritis, however, there are fairly niunerous cases 
showing hypertrophied hearts with high arterial pressure, as a 
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Fio. 45. — Geitbral aktkrio-0Oliik»8I8. (Authoftt HpIiyfH". 12 cm.) 

Chart from male, ngtid mivcnty, with marked artcrio-HclerrMbt, fa'neral, retinal, and 
cerebral ; cardiac hjrpcrtrophy, and ulight dironic nephritin ; during an attack of acute 
bronchitin. 

Note the moderato hypertension and moderate iucreaao of puli^e-preaauro. 
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rule with eviiletit arterial thickening, but »ometimoB without. 
These must be considered as having, with or without the ' 
changes in the larger arteries, a permanent augmentation of 
the peripheral resistance in the smaller arteries and arterioles, 
especially in the splanchnic circulation, or a general narrowing 
of the larger visceral arteries. This tallies with the patholt^- 
ieal findings quoted, and only thus can the absence of high 
pressure in the ordinary arterio-sclerosis be explained. These 
cases are the important ones practically, and their recognitloa 
is much easier by the sphygmomanometer than in any other ' 
way. They are comparatively infrequent in dispensary and 
hospital experience, where the patients do not apply for treat- 
ment until late, and general arterial disease and chronic neph- 
ritis usually coincide. Among the well-to-do this form of ' 
cardio- vascular disease is frequent and apparently increasing. 
The name v. Basch proposes for it, angio-sclerosis, seems to 
me more appropriate than Huchard's designation, presclerosis. 

V. Basch's elaborate classification into pseudo-, latent, and 
manifest angio- sclerosis, and manifest arterio-sclerosis, on the 
basis largely of the state of the blood-pressure, I flunk goes 
beyond the facts. He neglects wholly the possibility of pri- 
mary muscular disease of the heart, with arterial cbangeB as 
a later complication; and certainly arterio-sclerosis in all its 
manifestations cannot be kwked upon as a later development 
of changes in the arterioles. His manifest cases, which show- 
albumin in the urine, must many of them be nephritics. Never- 
theless he ha-s done a great ser\'ice, in calling attention to the ■ 
fundamental importance of the blood- pressure in the di^nosis 
and management of diseases of the arteries. 

To iltuBtrate the height to which arterio- or angio-sclerosia, vith o 
diao hjpertrophj, maj raise blood -pressure independently of any kidn^ I 
involvement, I will cit« two cases, in ^'Itom cbronic Blight's conld be a 
eluded as nearly as may be during life. One gave a reading for eystol 
pressure of 250 mm., diastolic ISO mm. ; the other, systolio 240 mm., dia 
tolio 160 mm. (hoik Erl. D cm.). The highest figures in this conditioB J 
since uaing the 12 cm. armlet have been, Hyatolic 205 mm., diBBtoIic 136 m 
This WB8 in n lady, sisLty-three years of age. Without some evidenoe of 1 
arterial thickening I Lave not met a case above systolic 190 mm., diutolia ' 
160 mm. (Erl. 5 cm.). The patient in question was a gentleman of forty- 
nine, with inhcrilod tendencies to vasoolar disease, who for a few months 
bod been troubled with palpitation and nnoomfortable consotousneos ot~J 
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hie heart, but who showed Bimplv the moderatelj high tensioii, tstj nliglit 
eclargemeiit of the heai't, anil a sharp aortic second aoimd, the Mteriea 
being imx^erceptibk wLeD empt<r. 

To auDimarize, we may Bay that arterio-sclerosiB, as a dis- 
ease of the larger superficial veeeels, is without marked 
influeuce on blood-pressure; that high blixid-pressure argues 
involvement of the small arteries, especially in the splanchnic 
circulation, and that such cases should he classed in a separate 
cjitegory; that in all cases systolic pressure is increased much 
more than diastolic, on account of the lessened distensibility of 
the arterial walls, due either to the high tension or to the dis- 
ease, or hoth. 

b. Of the Cerebral TesaelB; Apoplexy, — The fact that cerebral 
arterial disease can in no way be diagnosticated from the gen- 
eral blood -pressure has already been mentioned (see page 143). 
Patienta'with the most extreme general arterio-st^lerosis may 
live to old age without cerebral accident, and others, with little 
disease elsewhere, die of apoplexy in middle life. As a rule, 
however, cases of hemiplegia, whether due to thrombosis or 
hemorrhage, show some peripheral sclerosis and moderate ele- 
vation of tension {see Figs. i3 and (12). 

Most important is the extreme functional hypertension 
which large intracerebral hBemorrhage causes. Cook and 
Brifj^, and Gushing have given special prominence to this. 
The rise thus produced was up to 350 and 4(K) mm., figures 
unapproached in any other condition. Just how much error 
their narrow armlet introduced, it is hard to say. This grade 
of hypertension, if always present, would serve to differentiate 
apoplectic coma from any other, except urjemic, and would 
count somewhat against that. 1 have not seen such figures ; 
but we do not often meet the acute apoplexies at the City Hos- 
pital. Thrombotic softening is the common cause of hemiplegia 
in our patients, even when they have granular kidneys and 
high blood -pressure. Cfmk and Briggs, and Cuahing, both lay 
stress on the danger of hypotensive medication in cerebral 
haemorrhage, and believe surgical interference, with evacuation 
of the clot, the rational treatment. Further discussion will be 
found in the chapter on blood-jiresijure in neirous diseases. 

0. Other Local Processes— Thrombosis, Aneurism, CompresBion, — 
Thrombosis of a subclavian, axillary, or femoral artery ia rare, 
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and, when present, is iiot difficult of detection by the finger. Thfl 
sphygmomftnometer may be helpful in incomplete obetructioQ, 
or in following the progress of collateral circulation, by meas- 
uring the difference of pressure in the two extremities. In one 
patient with general arterio-sclerosis and cardiac hypertrophy, 
without nephritis, the left axillary artery became completely 
obstructed, with disappearance of the radial pulse, in October. 
The following June some pulse could be felt, and the sphyg- 

A 

B 

A, Tredng from right mJisl. SjrBtollo proMum, SOB inro„ dluWlio, 116 mm. 

B, Tradng tnm left radLnl. Sysloltc prewuro, •bout 105 mm. 

momanometer showed: right arm, systolic pressure 190 mm., 
diastolicl35mm.; left arm, systolic 115 mm., diastolic lOS nun. 
{Erl. 6 cm.). By January- the pulse was distinctly fuller and 
the reading was : right arm, systolic 905 mm., diaatolicl35 mm, ; 
left arm, systolic 145 mm., diastolic not obtainable (J. 13 cm.) 
(see Fig. 4fi, taken on another day). 

The pulsus differens, occasionally a valuable diagnostic sign 
of thoracic aneurism, may be detected in its slighter grades in 
a sunilar way. It is unwise, however, to admit differences (d 
[esB than 20 mm. as endence. Apart from this, the finding o| 
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hypertension calls attention to the proaenco of 
ceral arterial disease, or chronic nephritis, as well as the local 
condition, sines aneurism, of itself, does not affect general 
blood-pressure, I know of no observations on femoral pressure 
in the diagnosis of abdominal aneurism, but it might be ex- 
pected to show a diminution, compared with readings from the 
brachial. A wide armlet would be essential for this purpose. 
Similarly, local aneurisms, axillary or brachial, might produce 
the same effects as the partial occlusion of the artery from 
other causes. 

Ekgren reports an interesting observation on a case of 
mediastinal tumor. In the standing position systelic blood- 
pressure was alike in the two arms, but, on lying down, it was 
invariably fiO to 70 mm. lower in the right arm. Autopsy 
showed a large mediastinal Ij-mpho-sarcoma, involving the 
right lung, but movable in such manner as to compress the 
main branches of the aorta on the right side, when the body 
was on its back. 

D. Diseaaes of the Heort-Hiiscle. — The clinical diagnosis of 
muscular heart lesions seems more influenced by prevailing 
fashions than that of almost any other group of pathological 
conditions. Not long ago it was the custom to diagnosticate 
" fatty heart " in all patients allowing cardiac enlargement with 
Bj-mptoms of insufficiency, not due to valve defect or kidney 
disease. Now these same people are usually said to have 
"chronic myocarditis." I have seldom seen either diagnosis 
strikingly confirmed at autopsy, though the latter designation 
comes nearer the truth. Even the pathological diagnosis of a 
heart-muscle is not easy, and ordinary stained sections are of 
small value. My personal feeling inclines strongly to the belief 
that an anatomical diagnosis in these cases will always be be- 
yond the reach of clinical investigation, and worth little when 
attained. RoUy, Hasenfeld and FenjTessy, and Passler and 
Roily, have all shown experimentally that considerable myo- 
cardial change is compatible with adequate reserve force of the 
heart. On the other hand, our present methods do not always 
reveal histological alteration in the muscle commensurate with 
the functional disturbance, in fatal cases of heart disease. 

A fairly accurate functional diagnosis is not only possible, 
but of real importance for prognosis and treatment. A knowl- 
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edge of the condition of the blood-pressure is essential to 
With the sphygmomanometer, the cases of largo weak heart 
that seek treatment on account of dyspncea, precordial distress, 
cardiac asthma, cedema, or subjective disturbances of rhythm, 
may he quite sliarpty divided into two groups; the one wiUi 
distinct hyjwrtension, the other without. The first group cod*! 
tauis the hearts in which hypertrophy is, or is becoming, insof-' 
ficient to compensate for the increased peripheral resistancOw', 
They are, therefore, the cases Becondary to kidney diaeaae,' 
arterio- or angio-sclerosis, or are cases of primary myocardiall 
disease which have developed Bright's or arterial changes. la 
the second are the primary uncomphcatetl forms of myocardial 
disease, and sometimes the termijial stage of patients who ear- 
her belonged in the former group, v. Basoh has studied the 
secondary cases exhaustively, and his book contains much that 
is suggestive. They are by far the more frequent in jiractice, 
and the importance of their recognition hes in the prime necea- 
sity for treating tho condition back of the hyi>erten8ion. 

The following case is t<rpical. A gontleroan, fifty yeivrfl old, of excel- 
lent habite (aa atypicul feature], had noticed sliglit irregular lieart-action 
ten yeai-s iireviouB. Eight years later it. recurred, with shortness of breath, 
whils oQ the oaeau. A year later he hod dyspncea and oppression while 
crossing the Rocky Mountains. At the time of his first visit be had suf- 
fered from rapid, irregular heart action, and considerable dyspntea on 
eiei'tion and at night. Hia heart extended one inch bevond the left nipple 
line, with a large area of absolllte dulness. At the apei there was gallop 
rliytlim. and a systolic murmur, which was heard out into niilla and also 
U|)ward over the heart. The systolic arterial pressure was 2G0 mm. (B. R. 
6 cm.), with a large arm. Drine showed nothing abnormal. He was gjveu 
advice as to the avoidance of all sudden or forced exertion, moderation in 
diet, no smoking, etc., and put on potassium iodide, gr. v, after meals, 
and strychnin, gr. J^, before meals ; also nitroglycerin, gr, ,i^ tor emer- 
gency USB in attacks of dyspmea. Twelve days later he professed himself 
feeling perfectly well, but the heart showed no change. Systolic pressure, 
230 to 240 mm. Four months later he was having only occasional attacks 
of precordial distress and dyapnoea at night, relieved at once by nitroglyo- 
erin. Tho heart dulness now came only to the nipple line, but gallop 
rhythm and murmur persisted. Systolic presHnre, 230 to 230 mm. Six 
monthn later he was able to walk a mile with perfect comfort, and was 
aljout his country place on his feet all day. The heart now showed no 
gallop rhythm, and only a faint apex ranrmnr when recumbent, none 
standing. Tlie eyatolic pressure was 225 mm. He hod taken the stijclmln 
and iodide steadily for six months. 
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Two mouths after tliis he whb atiJl well, the heart showed no special 
change, but Hjatolio preasnre was 250 mm., diastolic ISO turn. (Erl. 
6 em.). He continaed well nntil fonrteeo months Iiom tiio firet visit, 
when he was caught out wolkiug iu a severe snow-storm. Following this 
lie liod repented uoctui'nal attacks of moderate cedema of the lungs, that 
ia, urgent d;f8pnuta, with rattling in chest, terminating in less than an 
hoar with the oipectoration of copious waterj secretion. His heart 
became larger again, rate 100 to 108, sjatolic pressure 245 mm. The 
legs showed a little uidema,* and the urine contained albumin with 
hjaline and a few granular caste. There was then evident insnSicienc; of 
the right ventricle superadded. He was put on infnsion of digitalis, and 
Iho iodide and strychnin resumed, with nitroglycerin for emergencies as 
before. He improved somewhat, but did not regain the comparative com- 
fort ho eujored before the exertion in the snow-storm overstrained his 
left heart, and brought on the secondary insnfflciency of the right. He 
died after four mouths, without mj seeing him again. 

The patients with primary uncomplicated cardiac insuffi- 
ciency, whom I have seen, had for the most part high normal 
pressures, 135 to 145 mm. (12 cm.), 150 to VM ram, (6 cm,), 
with fairly normal pulae-pressure. One case showed sj'stolic 
pressure of 145 mm., with diastolic 120 mm. (J. 13 cm.), but 
the heart was rapid. These cases without hypertension are 
mure prone to have oedema and evidence of right ventricular 
failure. Some, however, have anginal pain on exertion. I 
have once seen very low normal pressure with the former 
symptoms, which was persistent after marked evidence of a 
weak right ventricle had disappeared. 

The patient was a very active man of flfty-seven, who, four years be- 
fore, had had a left hemiplegia, from which he made a complete recovery. 
Two months before he was first seen by my father, he was suddenly seized 
with such extreme dyspnixa that he thought he shonld die. Ho fell on 
the flooi', was found with very feeble pulse, and had hypodermics of nitro- 
glycerin given him. For a month he was in bed with constant orthopnteo, 
■nd had double hydrothorax. and (edema of the legs. The heart was large, 
with faint sounds and no mnrmure. In spite of his great discomfort be 
would nut keep absolutely qniet ; but a month later a mild attack of lobar 
pnenmonia enforced bed, and his improvement began then. On infnsion 
of digitalis and strychnin he made rapid gains, and after a month was able 
to valk two miles. 

At this time his heart was moderately enlarged, but not readily made 

ent, on acconnt of ovei'la|)piiig Inng. The left bolder seemed just beyond 

the nijiple line. The sonnds at the apex were faint and in gallop rhythm. 

■ At the base the pnbnonio second waa markedly accentuated. There were 
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no mnnauiB. Lncgs slioired a Little crackling at faoae. No floid in ches^l 
no iBileina at lega. Five moQths later, liaving luul dyspntEU on exertion 
for a mo&th, since becoming involved in an exciting a&ir, his heart was 
the same, and Hyatolic presatire 135 mm. (5 cm,). He waa put on digitalis 
and stryclinin again. Now, four months later, he is in fairly good eondi- 
tion ; no oHlema, no trouble at uigbt, but dfspnisa on exertion. Ue has 
taken no care of himself, and is carrying heavy responaibility. His heart 
now comes Beared; to the nipple line. There are no murmurB. The Inogs 
are clear. The urine contains neither albumin nor casts. Systolic pros- 
uure is 105 mm., diaatolio 85 mm. (J. 12 cm.); systolic 135 mm. (R. R. 
S cm.) OS liefore. This was evidently a primiuy iDsnlHciency of the left 
ventricle preponderantly, with secondary weakneHS of the right. 

Another patient of fifty-one has had an enlarged heart for eleven years, 
withont marmurs, except nlien it becomes more dilated and develops a 
temporary mitral murmur. The pulmonic second sonnd is always ex- 
tremely acoeutnated, the action markedly irregular aod naually rapid. 
There is no arterial thickening, and no urinary change, except when his 
right heart Bags. He has had dyspnom on exertion, and some cyanosis, 
which have increased of late years. The condition originated in what was 
probably an acute myocarditis in a rheumatic attack. During the eleven 
years he has been through several attacks of mild pneumonia, or at least 
polmonury congestion with fever ; attacks of severe bronchitis ; and odq 
serioos time of acnto cardiac inaufflcienoy, with urgent dyapncoa, oedema, • 
hydrotborax, congoated liver, etc., two years ago. He has taken great cu* J 
of himself as rognrds exertion and excesses, and nses digitalin, or infoaion ■§ 
of digitalis, and stiychnin in small doses moat of the time. His i^ato 
pressure, (or the largest waves, does not go above 145 mm., with t 
amaller waves about 20 mm. lower; diastolic 105 mm. (J. 12 cm.). 

The cases of angi^'*' pectoris will be considered by thei 
selves, as well as tlie measurement of the vohune irregulari^j 
of the pulse, so common in these patients. 

E. Valvular Heart-Diaeaae. — a. Aortic Iniiiffioiency, — Nowhere 
does the Jipijarent ccmtradiction betwouii rt-sidta obtained with 
the instruments measuring systoHc, and tiiose measuring dia»- 
toUc pressure, staud out more clearly than in wliat one rea^J 
about aortic insufficiency. Thus we find Giglioli, using t 
Riva-Rocci, stating that the pressure is high in coinpenaatfl 
cases, as much as 175 mm.; Hayaski, with both Riva-R 
and Gartner's tonomot«r, Bnding hyperteiisioii ; and Vaj 
with tonometer, getting readings of 200 to 32fi mm. On i 
other side, Carter found the pressure in uncomplicated aort 
insufficiency always low, 80 to 85 mm.; hut he worked i 
the Hill and Barnard sphygmometer. Both are correct obc 
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vations, and both are eiitirely erroneous and misleading state- 
ments, simply because there has been little knowledge among 
chnicians of the criteria useil for indirect blood-pressure deter- 
minations, and all findings alike have been published as obser- 
vations on "blood-pressure," Potain went even further wrong 
and tried to explain how, after all, the pulse of aortic insuSi- 
ciency did not have the characters of low tension. As a matter 
of fact, the great interest of using the sphygmomanometer in 
a case of aortic insufficiency is, that it gives a numerical value 
to the well-known pulsus celer, which expresses perfectly the 
mechanical effect of the lesion on the systemic arterial circula- 
tion. Hensen and the author both called attention t*i this some 
years ago, and the advent of clinicnl instruments which deter- 
mine both pressures should put a st«p to the confiision that has 
reigned. The actual figures found are striking. One sees in 
average cases a rise in pressure with each pulse-wave of 75 per 
cent, of the original diastolic pressure, in more extreme lesions 
1(10 per cent. One patient, for instance, a gentleman of sixty- 
five, with aortic insufficiency of long standing and practically 
no aortic Bt?cond sound, I have measured sixteen times in six 
weeks, with my sphygmomanometer {12 cm.). His systolic 
pressure lias varied between i;i(l and 155 mm., diastoUc between 
(iO and 75 mm., and pulse-pressure between fi5 and 85 mm. 
The average has been, systolic 145 mm., diastolic G8 mm., dif- 
ference 77 mm., an average pulse-pressure 113 per cent, of the 
previous diaatoUc pressure (see Fig. 47). This is the largest 
difference I have ever seen in an uncomplicated case, using a 
trustworthy method. 

Aortic insufficiency with chronic nephritis or arterio- sclero- 
sis may give even greater values for the pulse -pressure. One 
man with an extreme lesion, of specific origin, with general 
arterial dilatation and chronic Eright's, who suffered from an- 
ginal pain on t^light exertion, had a systolic pressure of 230 mm., 
diastolic !*o mm. (Erl. 6 cm.), difference 110 mm., equal to 
122 per cent, of the diastolic pressure. The same patient, 
three months later, witli dilated right heart and dropsy, had a 
systolic pressure of 370 mm. This shows that, in cases with 
nephritis at any rate, loss of compensation is not invariably 
attended by a fall in pressure. More interesting, from a diag- 
nostic standpoint, are the combined valve-lesions, in which the 
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important problem is as to which preponderates. I have nd 
examined many caaos of this kind, but all have sliown a marked 
rednctiou in the pulse-pressure. One patient with a double 
aortic lesion, in whom the systolic murmur was unuaually 
harsh and pronounced, showed syst<ilic pressure 115 to 120 mm., 
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FiQ. «.— AoBTic iKiurnciiscY. (Autlior's (iphyRQi. 12 cm.) 
Chun frim tuulu. ugwi Biity-flve, with pxtnimo lujrtio luBuHldcuor, falrty compon 
Hloil. All absvrviitloiii> In lieiL in the rniirtilnii. 

(alight irregularity), diastolic SO mm. {J. 13 cm-), pulse-prti 
sure 40 mm., equal to 50 per cent, of the diastolic. A man, on 
the other hand, with double miinnur, but the systolic element 
softer, had a Bj-etolic pressure 201) mm., dia«tohc 100 mm. (Erl 

diastolic. This ability to measure the meclumicjil effect of the 
leakage on the pulse seems to me of groat value in such caaa 
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^^Hl high in 
^^H others 
^^^K insnffic: 



with double aortic murmur, for the extent and direction of car- 
diac enlargement is the same whether stenosis or insufficiency 
preponderates. The systohc aortic murmm" is usually heard 
accompanying aortic leakage murmurs, but only in a few cases 
indicates an actual stenosis. These cases I believe may be 
picked out by the sphygmomanometer, i)ro\ided one excludes 
the very alight defects, and the cases complicated by mitral 
lesions, or with broken compensation. 

Where aortic and mitral murmurs coexist the evidence is 
etjually valuable, not only as showing which is the chief lesion, 
but als«j helping to distinguish l>etween a real complicating 
mitral stenosis and the so-called Flint murmur. The smallest 
pulse-pressuro I have ever seen in aortic rogurgitatitm was in 
a woman, forty-two years old, who for four years hiid had a 
varj"ing amount of dyspncea, at times cough and bUxnly exiMW- 
tonvtion, and a little cedema of the feet, all pointing to mitral 
disease. At the time, she was about and in good wjiidition. 
Physical examination revealed a heart enlarged b<rth right and 
loft, with a slight presystolic thrill and short presystolic mur- 
mur at the apex, and a blowing aortic diastolic munnur heard 
all over the precordium. The aortic second sound waii pre- 
served, the pulmonic accentuated, especially when lying down. 
The pulse was small, regular, not distinctly a pulsus celer. The 
sphygmomanometer showed systolic preasure 115 mm., dia- 
stolic 1*5 mm. (Erl. 5 cm.), pulse-pressure 20 mm., equal to 
21 per cent, of the diastolic. Evidently the aortic lesion, in 
spite of the loud murmur, was insignificant. To ctjntrast with 
this, a young man with double aortic and mitral systolic 
murmurs, had systohc 125 mm., diastohc f>5 mm. (J. 12 cm.), 
pulse-pressure GO mm., equal to EI2 per cent, of the diastolic 
pressure. 

The effect of the disturbance of compensation on blood- 
pressure and pulse-presBure is hard to discu)^ with positive 
conviction. I have seen both remain very high where the 
heart was much dilated, and severe dyspncea and attacks of 
cardiac asthma were present. Here the mitral remained suffi- 
cient. There is no doubt that systoUc pressure may remain 
high in spite of marked cardiac insufficiency, as Hensen and 
others have shown. With the development of relative mitral 
insufficiency, one would expect a reduction in the pulse-pres- 
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sure, but further studies of systolio ami dJa^tulic pressures are I 
needed to clear up this point. 

One further feature of the blood ^pressure in aortic d 
must be recorded, namely, its variabiUty without discoverable I 
cauee. This is true especially of the systoUc pressure. Uensen I 
records cases where fluctuations of 4(t mm. occurred in a few | 
hours. The diastolic pressure maintaius a more constant level. ' 

\ Other ValTe-Leaiona — The sphygmomanometer is pe<:uliarly I 
disappointing in valvular heart-diseases other than aortic inauf- I 
ficiency. We have already seen how little one may ai^io from I 
the height of blood-pressure as to the work of the heart (st 
page IGl). There is a general consensus of opinion that the I 
bulk of cardiac cases have pressures within nonnal limits, I 
whether the measurements be of systolic or diastolic pressure 1 
(v. Basch, Potaiu, Hensen, Hayaski, Norris, Goldwater, Car- 1 
ter, Jarotzny). Studio of the pulse-prefiMure by reasonably 
accurate methoils are as yet lacking. I have found it as low 
as Iti per cent, of the diastolic in a patient with aortic stenosis 
and mitral insufficiency, where the pulsus tardus was very 
evident. Also in mitral stenosis, especially if one considers 
the smaller waves rather than the occasional Urge ones, it may 
be much diminished. Accurate measurements are scarcely 
possible by an indirect method, when so much irregularity 
exists as in these bad mitral oases. One woman, for instance, 
with double mitral murmur and a much dilated heart, bad a 
diastolic pressure of about HXl mm., with systolic for the small 
waves 105 nun., for the large 120 mm. Here there was a 
marked reduction of the pulse-pressure, which varieil between 
5 per cent, and 20 per cent, of the tliustt)lie. Nevertheless, in 
another patient with extreme mitral insufficiency of long stand- 
ing, recovering from a breakdown, and on digitahs, I have 
repeatedly found sysU>lic pressure lUO to 165 mm., diaetoUc 
110 mm., pulse-pressure 50j mm., equal to 45 per cent, of the 
diastoUc. Further observations along this line are much to be 
desired. 

Concerning the effect of compensation or decompensation 
in these cases, the blood-pressure seems valueless, at least when 
systolic or diastolic pressure alone is taken, v. Basch long ago 
called attention to the fact that systohc pressure may even rise 
when cardiac insufiSciency occurs. Here the dyspncea^ the 
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renal involvement, th© mental anxiety, the unnoticed tedema, 1 
all come into play. The psychical state, so distressing a feature I 
of heart-diaeaBe in its later stages, I think ha« been insufficiently 1 
emphasized as a possible factor in this hypertension. Studies ^^J 
of the effect of morphin, which bo often acts beneficially under ^^H 
]uat such circumstances, might help decide its importance. The ^^H 
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valves, which may be accompanied by similar and unnoticed'] 
arterial lesions, and hyportenBion be dependent on the latter. I 
Second: Mitral insufficiency is so commonly due to a dilatation 1 
of the mitral ring (muscular or relative insufficiency), that manjr I 
of the cases reported belong with the muscular, rather than with I 
the valvular diseases. Studies in umiuestioned simple valve J 
defects, due to preceding acute rheumatic endocarditis, are 1 
needed, l>efore we can conclude that blood- pressure is meaning* I 
less in valvuUr he-art -disease. 

c. Acute Endocarditii. — In acute endocarditis the only records ] 
I can find are those of Shaw. He found subnormal pressures 1 
in children with endocarditis complicating acute rheumatism, 
as low as 80 mm. (G.). 

F. Cardiac Keuroaes. — a. Exophthalmic Goitre. —Arterial pres- 
sure in Graves's thseiise has generally Iwen considered high by 
those who used the sphygmomanometer. Hensen, Jackson, 
and Gross all report cai^es, and in none of the series was the J 
systolic pressure low, though extreme hypertension (over I 
200 mm., R. R. 5 cm.) did not occur. My own observations 
have coincided with this view, but since they were all iBolated 
and not repeated det«nninations, and patients with this disease 
are exceedingly nervous, they probably contain a share of 
psychical hypertension. The recent careful studies of Spiethoff 
on twenty cases with the Riva-Rocci apparatus, and v. Reck- 
linghausen armlet for comparison, liave led him to the follow- 
ing conclusions : 

" 1. That the blood-pressure shows no constant change inl 
either direction in Basedow's dir<ease; the views that the pres-l 
sure is always raised, or that it is always lowered, are equally i 
inadequate." 

" 2. Lowering of pressure and high pressure are both foundj 
in the severe cases, while the Ughter forms do not vary n 
from the normal." 

He cannot say definitely whether the heart or the i 
motor system is responsible for the variation. Neither presHoral 
nor pulse-rate were satisfactory indications of the severity <^ ■ 
the disease. 

Gross calls attention to the great labthty of the blood-pres- I 
sure in these patients, either from slight montiil causes, ova 
apparently spontaneously. This is easily comprehended, whea 
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such overirritobility of the whole nenuiiH syntem exists. Clin- 
ical obser^'era have beeii in the habit of considering tenmon 
diminished in this disease. I believe the discrepancy between 
this and the usual objective deternunations finds its explana- 
tion in the same cause as aortic insufficiency^ — the marked ele- 
vation of systolic pressure and pulse-pressure, diastolic pressure 
not rising equally. The sphygmographic trace obtained in 
Graves's disease fe often an outspoken pulsus celer. Unfortu- 
nately the rapidity of the pulse and the muscular tremor make 
estimations of diastolic pressure very difficult in these people, 
and I can only record a single satisfactory one. Here the sys- 
tolic pressure was ^00 mm., diastohc 130 mm. (Erl. 5 cm.), 
pulse- pressure 70 mm., er|ual to 54 per cent, of the diastolic. 
Were all the pressures corrected for the narrow armlet, this 
would be about 05 per cent. In this case, slight pertxu'bation 
ran up the systohc pressure to 240 mm. 

b. Other Nervous Dirtarbancei— The classification of these 
obscure conditions is unsatisfactory. Anything, from simple 
palpitation in young girls to fatal angina [jectoris due to coro- 
nary thrombosis, may be force<l into the category. The only 
work relating especially to these so-called neuroses is that of 
Hochhaus. He claims to have found high pressures, in twenty 
men 150 to 210 mm., in sixteen women !40 to 210 mm. (narrow 
armlet of course), all with neuroses. He propounds the thesis 
that hypertension is diagnostic of nervous, as against organic 
affections of the heart. His neuroses were either sensory, with 
precordial oppression, or even severe anginal pain, as its evi- 
dence; or motor, with tachycanlia or arrhythmia. 

I am absolutely unwilling to accept his conclusions. His 
sensory nenrosew, I believe, all belong with the clinical group 
of myocardial diseases, in which hj-pertension is the evidence 
of permanent changes in the small vessels. Many of the oases 
with disturbance of rate or rhythm also belong in the same 
category, if the tension was high, or else were excited when 
the determination was made. I have never seen a case of 
paroxysmal tachycardia, a pure neurosis, if there be such, with 
anything but normal or low normal pressure between the at- 
tacks. During attacks I have made few observations, but they 
have not shown hypertension. As to the arrhj'thmias, they 
are most frequent in elderly people, where one always suspects 
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latent asgio-si^eroBis. Those I have examined, in whicii 
proof of organic disease couUl be obtained, had preseureB beloir 
IfiO mm. (R. R. 5 cm.), Hyi)ert«titdon with subjective cardiac 
difitorbance is, I believe, distinct warning of the onset of vas- 
cular disease. 

G. Important Cardio-vascniar STmptoina. — It is impos^ble 
consitier, within h reascniable »iMice, tht> relation of all 
clinical features of cardio-vascuLtr disease to the blood-prea- 
Bure. Practically all of them are due rather to tlje condition 
of the neuro-museular apparatus of the heart relative tu the 
demands upon it, than to the absolute amount of those do- 
mands. The chief importance of a knowledge of the bh 
pressure in connection with dyspncea, or distress on exertimi, 
or other evidence of heart disturbance, lies in its testimony 
to the existence of an unnecessarily high peripheral resistance, 
which may be combatted. Angina pectoris, however, is a 
symptom-complex so important and so distinct, that it deserve*' 
separate consideration. Some definite information also e: 
as to the relation of certain forms uf dyspiicea to blotxl-preesi 
Finally, tbu volume irregularities of the pulse are well studli 
by the spliyginomanometer. 

a. Angina Pectorit— A certain feeling of distress or pi 
beneath the Hternum is very common in patients with marked 
essential hjiMjrtension, irresjtective of the primary disease. Few 
o£ them with pressure permanently above 300 nmi. (12 cm.), 
220 to 240 mm. (5 cm.), can even walk briskly without it. Thk; 
is most apt to come with exertion following a niefil, and, 
belching of gas is a frequent accompaniment, both patient 
physician commonly put the blame on the stomach. In mi 
developed form, exorcise brings a feeUng of intense preasi 
across the upper chest, as though it were held in a vice, 
there is a pain which centres there and radiates to the left 
both shoulders, down one or both arms to elbow or wrist, 
up the neck to the angle of the jaw. With this the patii 
feels compelled to stand still, and, unless the attack be of great 
severity, the sensations pass off in a few minutes and he can 
walk again. The worst form may come spontaneously, espe- 
cially at night, as well as after effort and excitement, is ot 
longer duration, and associated mth pallor of the face atu 
great mental agony. These are the seizures which often 
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fatal. Many deny the name of angina i>Gct»iris to the lighter 
attacks. Nevertheleas, the gradual development of these lesser 
feelings of tightness or distress into the worst paiu, which one 
may frequently follow during the course of years, leaves little 
room for a nomenclature which attempts to draw a sharp line 
between them. Perhajis the designation " angiuoid " describes 
the minor attacks as well as any. 

In the diagnosis of true angina, or anginoid attacks, well- 
marked hj-perteneion is important evidence. Though some 
cardiac enlargement and a systolic aortic murmur, loss fre- 
quently a mitral murmur, are common findings, and, in con- 
nection with the patient's account of his sensations, stamp the 
attacks as really of this nature; yet, in a certain number, no 
anatomical change is discoverable by ordinary physical diag- 
nostic methods. If, then, a blood-pressure of over 180 mm. 
(13 cm. or G.), 200 mm. (5 cm.), be found, anginoid pain can 
be held due to definite organic disease. The negative evidence 
is not so convincing. Especially is this true of the severe at- 
tacks. I have seen a number of cases of true angina pectoris 
without high pressure, that is, less than 170 mm. (R. R. 5 cm.). 
Of these at least three have provetl fatal. In one, who died 
during an attack, post-mortem by Dr. Cupbn, of Philadelphia, 
showed chronic myocarditis with enormous increase in elastic 
tissue throughout the heart. There were no cardiac sj-mptoms 
except the pain on exertion, substernal and radiating to the left 
shoulder and neck, which be^an six years before. No physical 
signs of disease were present, either in the way of enlarged 
area or murmurs. The lowest systohc pressure I have recorded 
in this condition was 120 mm. {R. R. 5 cm.). Tlie others have 
varied from 140 to 170 mm. v. Baecb notes this finding of low 
pressure in patients with anginal s^-mpttmis, which he has seen 
in eighteen of his series, forty-seven having had tension above 
the normal. During the attack the pressure might either rise 
or fall. In such patients the diagnt^is and prognosis depend 
entirely upon the character of the attacks, and the amount of 
exertion required to initiate them. With intense pain regularly 
following slight exertion, and pallor of the face during the 
attack, a low blooii-pressure seems to argue a worse outlook. 

Where the description of the pain is atj-pical, and there 
seems a reasonable question of its being a neuralgia or a reflex 
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guetric pain, especially when exercise may be taken without 
difficulty, normal blood-preBsure is corroborative testimony ti 
the symptoms are not aswx'iated with cardio-vascular diat 
and the prot^oeis may be good. Qreat care must be used ii 
deciding on these cases, nevertheless. 

Tlie case reonrded ou page ITG illnstrutes the ordiDuy ajiginoid tjj 
with bj|)ertonaiou, TLe following hlstoi'y in iuHtmcLive an showing t 
eaditen Jcvclapmetit of inteDse angina pectoris after repeated slighUO!'! 
atttwka. A gentleman, sixty-one, wlio had been n verj Ijard worker, lilHtnilV 
in his diet and nse of atiiunlauts and toliaci^o, hod noticed for« vear thrt j 
fast witlking gave bim diHtreM across tlie npper steroncn, and slight dja- 
pniea. An the distress would )ibss off when be slacked his speed, he paid 
no attention to it, bejond reducing liis ordinal'; gnit. After some montba 
tbe attacks became nioi'e frequent and severe, and followed slighter exer- 
tion. In March he cunsnlted Dr. Osier, who gave him amjl nitrite for i 
emergency use, and cautioned him to avoid all Htiun. Shortly Bft«r thi^ | 
while on n railway train, be was seised with exci-uciuting ]>ain in the chest* 
running down botb arms to the elbow. He biuke olT hia journey, and for 
three weeks won luiable to lie down without bringing on intense pain. He 
hod slight uMlema of the legs at that time. With the contiuned use of 
nitroglycerin, ^g gr. a daj, he improved, and four months later could 
walk half a mile on tbe level. He said that, when tbe paiu would (^ 
he felt as though he would stop breathing and di'op. Physical examine- 1 
tioD, four mouths after the intense seizure, showed merely faint heart ( 
sounds with a vei7 slight basic systolic mnrmur. As he weighed two J 
hundred and forty pounds, no satisfoctoiy percussion was jHiasible. Heart J 
action was slow and regular. Systolic pressure was only 105 ram. (R. B, [ 
C om.). distinctly low for the size of arm. The urine showed a few hyalin* I 
casts only. Two years later be was living and attending to bnsii 

Another patient shows tbe possibility of a relatively good pragnoeifc J 
He is sixty years old, and for nine years baa suffered some ]>recordilJ dis>J 
tress on exertion. For four years there has been distinct anginal pain an 
limes, always after effort. Two yeare ago be was obliged to clir 
bat sleep incline in winter, and had intense angina iiectoris; bnt SOba»i q 
qnently be bos itever had a severe attack. Now. walking against the vi&d, 
orafit of anger, precipitates an angiiioid seizure, hut nothing like his [wst 
ones. He has a simple brjiertropby of tbe heart, without mnnniiTB at 
nepbritis. a typical angio-scleroNis, or cardio-sclernsiH, as Hucliard would 
put it. His systolic pressui-e is 215 mm., diastolic U5 mm. (5 cm.). He 
improved very much on continued small doses of ioilide, and nitrogljcerin 
relieves bis attacks promptly. 

b. Cardiac Arthina and Cheyne-Stokei Breathing. — The sponta^ I 
neous attacks of dyspntua so fruqiicnt in cardiac and nephriti 
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cases are very commonly associated with hj-pertension. In 
their most severe form actual cedema of the lungs occurs, and 
the danger to life is extreme, hb in the cases previously men- 
tioned. Fig. 49 shows an observation I was able to make 
during an intense seizure. Since Cohnheim and Welch (see 
page 150) showed that a paralysis of the left ventricle, with the 
right still beating, was the mechanical cause of pulmonary 
cedema. where hypertension exists it demands immediate relief, 
to lessen the work of the weakened left heart, before cardiac 
stimulants can be safely used. The sphygmomanometer in 
this condition gives important therapeutic indications. As the 
danger is urgent, the rapidly acting amyl nitrif* or nitroglyc- 
erin are the best drugs, though even these may be disappointing. 
The severer forms of dyspncea may also be a cause of hj-per- 
tension, as v. Basch and Henson have shown. The effect is 
of course through the vaso-constrictor centres, as we have seen 
in experimental asphyxia (see jiage 37). 

In Cheyne-Stokes breathing, variation in the size of the 
pulse with the periodic changes in respiration is usually ob- 
served. Gumprecht noted it, and Norris found the pressure 
as much as 2.'> mro. lower in the period of apncea. The phe- 
nomenon is probably caused by variation in the tonus of the 
vaso-motor centre, synchronous with that of the respiratory 
centre, due to partial anssmia of the medulla (see page 140). 

0. The AirhythmiaB. — Irregularities of the pulse affect both 
time and volume rhj-thm. Only the latter lend themselves to 
aphygmomanometric study. When present they make observa- 
tions difBcult, especially for diastolic pressure. I am accus- 
tomed to note separately the systohc pressure of the largest 
and of the smallest pulse-waves, and the approximate diastolic 
pressure. In this way a permanent record of the absolute 
amount of volume irregularity is obtained. I have seen as 
much as 40 to fiO mm. difference in systolic pressure within a 
few seconds, in cases of mitral stenosis or myocardial disease. 
The smaller variations of 10 to 20 mm, are usually overlooked 
without the sphygmomanometer. This brings them into relief, 
because, while maintaining the pressure at just sufBcient to 
obhterate the average pulses, occasional fuller ones will come 
through in a striking way. In true bradycardia, or the pulsus 
altemans, the difference between systolic and diastuho pressure 
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Fio. 49. — CEdema or the lunos. (Author^s Bpliy^n. 12 chl) 

Chart from W. O'B., aucd tweiityH!i^}:t, mole, (Mty lIot«pita1. Ailmitte«l March 19th, 
with alight urouty attack and chronic ncpiiritiH. Prcfwurc on adniirtnion 121) mm. 

Acuto ftcneral anlcnia of the lungK bc^n Juxt before 7.r>4) r. m., and ushered in a rapidly 
fatal pneumonia. 

Note the nli^ht and tranHient etfeot of the vasfMlilatorH. 



is greatly increased, aa I have personally observed. In 
wmdition, as in aortic insufficiency, the measurement of 
tolic preHsure alone allows a false hypertension. 

The jHinwloxicHl pulse, and slighter grades of inspiratory (t 
in systolic pressure, have been especially studied by Henseo, 
He considers them alike signs of circulatory weakness. The 
lesser grades can only be detected with the aphj'gmomanometer, 
and are found in uncompenbwit*^! heart lesions, pleural effusion, 
and even at times during febrile disease. As terminal phe- 
nomena they are common. The marke<l paradoxical pulso a{ 
Riegel, in laryngeal stenosis, pericardial adhesions or efTxisiui 
etc.. is palpable as well as measurable. Hensen saw a diff( 
ence of 40 mm. between inspiratory and expiratory pressure il 
laryngeal diphtheria. In my experience it has been most 
([uent with asthma or marked emphysema. Complete abseao^i 
of puli^e during inspiration I saw recently in a man with peH- 
canlial and left pleural effusion. 

H. Effect of Exertion on Blood-Preuore in Cardio-vaMular Dii- 
eaacB. — Our estimate of the fuut-tional ability of a heart is usu- 
ally more or less roughly made from the symptoms developed 
under the exertion of daily life. The study of the blood-pres- 
sure and pulse-rate, during the performance of a measured 
amount of work, ought to render our judgments more accurate. 
This has been done, at the suggestion of Dehio, by Moritz ft 
cardiac patients, in the same way as by Masing for the aged. 
Dehio'fl apparatus is shown in Fig. 50, and can be easily ar- 
ranged in any hospital. The work is performed by one 1^, in 
time with a metronome, and pressure and pulse measurements 
from the arm are not interfered with. In Dehio's investiga^ 
tions a weight of 4,0'JO grams, about eight pounds, was lifte<l 
40 cm. = 15| inches, iifty times a minute, giving an actual per- 
formance of 81.8 kilogrammetres a minute. A weight of fiv« 
pounds lifted a fiwt would seem to me a good average, and 
am arranging such an apparatus at the City Hospital. The 
work from this will be five f(xit-pounds at each stroke. Prea- 
snre determinations should be at three- to five-minute intei 
Moritz's results, in cases of cardiac weakness, are similar 
Masing's for the aged (whom Dehio Iwlieves have " myofil 
cordis"), and Fig. 40 illustrates the typical curve, save for 
slow senile pulse. The initial rise in pressure was m<»« 
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nounced than in the normal man, but was not maintained, a 
fall occurring during the exertion. In the normal persons a 
steady level of pressure continues throughout, unless the work 
be very excessive. With the falling pressure, dyspnoea and 
distress developed. Butterman made /\ /\ 

similar observations with the tonome- 
ter and work in a Gartner ergostat. 
Compensated mitral lesions, nervous 
hearts, etc., reacted with a normal 
rise, averaging 13 mm. They had no 
great dyspnoea. Other patients with 
myocardial disease, who had much 
distress on exertion, showed a diminu- 
tion in tension of 3 to 14 mm. Schott 





Fio. 50. — ^Djtiiio's APPARATUS. (Ffoiu Dehio.) 

For ptTfonnin^ a meaAurod amount of work with the lepn. 

The cord, which hold^ the weight (I)), paH«08 over the pullcyw (A A), and under the 
pulley (B), fiu«t«ned to the upright (C)« and hooks into the foot-bandage ( E). The height 
of the Htop (G) fixes the distance the weight travels. 

found a marked fall in pressure when lasting dyspnoea ap- 
peared. This simple method of functional heart diagnosis 
deserves a careful trial by those who have to advise cardiac 

patients as to the ordering of their daily life. Exercise, if not 
15 
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harmful to their hearts, is so advantageous fur their gem 
health and baii]>iness, that a more accurate method of judj 
ita efferta seema a practical desideratum. 

L Therapcatios. — The treatment of diseases of the cardio^' 
vascular system has, as its primary object, the improvement 
of the capillary circulation, so that it may be adetjuate to the 
demands of the tissues fur oxygen and nutriment, and for the 
removal of waste products. The ability of the heart to main- 
tain an adequate circtdation may be complete during repoaa^ 
but most deficient during forced exertion. The regulation 
the patient's entire life becomes, then, the starting-point of 
treatment, and should include the avoidance of all those forms 
of exertion and excitement which cause considerable increase 
of arterial pressure, especially of a sudden nature. Of the pos- 
Bibihty of following the results of tide geuenil hj-gienie treat- 
ment with the sphygmomanometer I am unwilling to 
with conviction. The effects woidd only be evident after 
considei-able lapse of time, and other causes for blood-preeei 
variation w<ndd complicate the situatiim. The attempt, 
ever, should certainly be made. 

Of the various dietetic and physical measures, 
baths, etc., I do not feel ctamjwtent to spoak. The good 
they do must also l>e a rather permanent one, of a nature hard 
to follow by the bl<HMl-preH8urc. Rchott has written on the 
effect of the Nauheiiu liaths on blood -pressure, but to correlate 
his findings and the benefit received by the patient is another 
matter, v. Bascb and Huchard lay great stress on these meth- 
o<ls of combtitting hyjtertension, and I think rightly; but it must 
be more with a view to limiting a process already initiated, than 
of causing its disappearance. 

As we have already seen, in discussing the value ot thd 
blood -pressure as a guide to the functional ability of the heart 
and circulation, it gives lis scarcely any clue to the work per- 
formed by the heart. Hence we find, in the records of blood- 
pressure during treatment of uncompensated heart-lesions, 
every variation. Christeller, Frenkel, Heike, Hensen, Gross, 
and Potain, all fail to find any relation between the arterial 
tension and the circulatory improvement from digitalis. Thifl 
point is important, for it makes it clear tliat the effect of 
circulatory drugs, of undoubted stimulant properties, will 
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be visible on the pressure cliart; because altere<l blood-distri- 
bution, and not increased blo>jd-pres8ure, is their best result. 
In hypotensive states, their effect on pressure is more evident. 
The main value of sphygmomanometric observations, during 

hypertension. 

The effect of the vaso-dilators, on the other hand, may and 
should be studied. Nitroglycerin, aniyl nitrite, sodium nitrite, 
and even apiritus etheria nitrosi, produce an e\-ideut fall in 
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Fio. 53. — Fall iir blood-prehburi produced by nitrooltcekin, gr, '/so. 

(Authored Hphygiu. 12 cm.) 

Chart from Kumo como of chronic interstitial nophritin oh F\g. 42. 

(1\ (2), and (3). Nitn^lyccrin, jfr. V50, given by hypodcnims for relief of wjveie 
notte-blecd. When the protwuro reached 1)5 mm. pntient was liglit-hcaded and Hwcoting, 
and noflo-bleed had ceased. Immediately after, she went to sleep. 

(ObBcrvation by Dr. Higgins.) 
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as a vaao-dilator, is the subject of great dispute. It cert 
has not the immediate measurable effect of the iiitriteB, and 
Ciinnot be classed as an active vaso-dilator. Nevertheleas, I 
have seen relief of anginal pain on exertion so frequently fol- 
low its continued use in small doses, with an apparently lower -m 
level of tension, that I am convinced that it has an effect com- 
parable with the hygienic and dietetic meaf^ures, when long 3 
perio<ls are considered. Some of the cases cited earUer show i 
this. Huchard vaunts its virtues in cardio-sclerosis ; v. Basch J 
thinks it of small value. One must always remember, also, J 
that essential hypertension may be a com^iensatory phenom»> J 
noR, and, if the anatomical or functional cause of iucref 
peripheral resistance is permanent, it may be most unwise to 
attempt to lowor blood-pressure. In kidney diseases, for in- 
stance, Itjwered pressure may be the cause of diminished blood- 
flow through the kidney and decreased urinary excretion, i 
undesirable result. 

The most important therapeutic indications of the sphyg^l 
momanometer are in conditions of dangerous bypertensioti,.! 
such aa uremia, and in paroxysms of angina pectoris. HemJ 
rapid vaso-dilators are cjilled for. In urjemia, the other d 
odB for reducing tension come into play. Venesection is one o£ 1 
the best, and Butterman, Carter, and Hayasfci, all report 
marked reduction in pressure from it. Sweating has a similar 
effect, and is I'unmionly attended by a fail iu pressure, so that 
the double purpose of reducing pressure and ehminating poi- ■ 
sons is achieved. Purgation may also assist. In the light ot '1 
recent investigation, the depleting treatment of liypertensioii J 
dependent on acute cerebral compression must remain que>*J 
tJonable. Its effects should certainly be controlled by bloodl- ' 
pressure determinations. 
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2. ACUTE INFECTIOUS DISEASES 

In acute infections, the main ground for the advocacy of 
routine bhKHl-pn^ssure estimations must l)e sought in the ex- 
perimental evidence of the vaso-motor origin of collapse. Any 
means which will help to foretell its dread ap^)earance, if in but 
a fraction of the cases we meet, is well worth while. The 
sphygmomanometer would seem to offer this prospect, but its 
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absolute value has not yet been deter niiiiod, For diagnosis it 
naturally means little or nothing, but for prognosis, and as a 
guide to treatment, there is good ground for beliering that it 
will come more and more to the front. 

Single observations are meaningless in these conditions; 
only careful records, as of the temperature and pulse, can give 
the desired information. Any such grouping of diseases on 
the basis of their typical blood-preesure, as Potain carries it 
out, is worthless for the acut-e diseases, though we may dis- 
tinguish a difference in the regularity with which they affect 
pressure. The greatest hindrance t*> determinuig the real use 
of the sphygmomanometer in febrile conditions to-day is the 
lack of sufficiently trustworthy facts. The bulk of the studies 
have been made with the Potain or v. Baach itistrumentB, 
many even with the imj^oKsible one of Verdin. 

A. Typhoid Pever, — In typhoid fever, more than in any other 
acute disease, the sphygmomanometer has pi-oved its worth. 
As a guide to treatment, as a help in the diagnosis of perfora- 
tion and its differentiation from concealoil hemorrhage, and be- 
cause it affords an additional prognostic standpoint, it should 
be generally used. We owe especial gratitude to Crile, and to 
Cook and Briggs, for our knowledge, though some of their re- 
sults may fail of universal confirmation. To be of any service, 
blood-pressure must be recorded at the same intervals as tem- 
perature and pulse-rate, best on cliarts. Those who, Uke 
Norris, find no prognostic value, made observations once in a 
tew days only. Used in such a way the thermometer would 
be equally valueless. Typhoid fever is almost invariably hypo- 
tensive, as Potain in llii cases, Crile in 115, and Alezais and 
Francois in 150, proved conclusively. Unfortunately the latter 
observers used a very defective method {Verdin's sphygmo- 
meter, see page 45), and Potain's own is not free from suspi- 
cion. The fall in pressure Ijegins in the first or second week 
and goes hand in hand with the development of the toxfemia. 
The absolute pressure means httle of itself. The important 
matter is its general course. Gumprecht calls attention to the 
marked variations which occur, as they do in a normal man, 
throughout the day. Alezais and Francois's statements on 
this point t-annot be accepted on account of the instrument used. 
I think, however, that fluctuations of short duration, up to 
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^H 25 mm., are of no serious import. Crilo's figures are of jKirtic- ^^^| 
^H ular interest. ^^^| 
^m In 115 cases the highest pressures = 138 mm. (R. R. A cm.). ^^M 
^H lowest 74 mm. ^^^| 

^H The mean pressure of all cases, by weeks of the disease, was ^^^| 

^V as follows: first week, 115 mm.; second, lOii mm.; third, 1U2 ^^^| 

mm.; fourth, m mm.; fifth, m mm. Nothing could better ^^H 

illustrate the gradual development of hypotension. ^^^^| 

Hensen, Neisser, and Hayaaki also report on smaller groups ^^^| 

cases. ^^^1 

a. Hsmorrha^ and CoUapte.— A slowly progressive fall in ^^^| 
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es, and o 


the danger of impending cullapse. It calls, ^^^^| 
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^^B FlO. M.-TYPU01D TEVin— INISSTINAL 11*M.>[0111A0B. (Cnok's Pphyg"". S IB 

^H Blood-prcesuro l«vel broken by a sharp fall wltl, tha fir^t h^monUm: "Hli 

^^1 Qniiaii return of blc»d-pre«iiiro atur the outwtioD of haimorriineo. The I 
^^^K loei™! rrturn Hided, thouitli the ourve Is not maloriiill]' »lWrcd, hy a iiuiall dose la 


1 

with 

It, 

in.) 



^H then 

^H mon 

m 


1 

fore 
orrh 

tion 

Per 

iK.t 


1 

a 

ci 
fo 

h 


1 

OD 

for 
56. 
ail 
are 
pe 
rat: 

fuU 


1 

- 

a 
f 




>REB8trRE IN INTERNAI^ISEASE^^^^B 

jtimuknt medJcation. A rapid fidl suggestB^^^J 
S^either Cook and Briggs, nor Alexais and 1 
to observe this in any case. AH other com- | 
ttended by some fall in pressure, except pneu- ■ 
irative peritonitis. ^^^M 
L— In the latter condition Oile, and Bri^^^^^f 
I a sharp rise marking its onset. The niunbec^^^H 
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that a relative hy)>ertcD8ion will be the usual result of perfora- 
tion . In one of Crile's patients the pressure rose from 1 1 fi mm. 
to 165 mm. in two hours, and, in another, from IIB mm. to 190 
nmi. in four houre. In two others, without previous record, 
lti5 mni. and 208 mm. were the figures, a striking contrast to 
his highest reading of 138 mm. in uncomplicated typhoid. In 
a fifth case, the elevation was only from 84 mm, to IIU mm. 

Since the differential diagnosis of perforation is always dif- 
ficult, and the other accidents which come in question, con- 
cealed haemorrhage and acute collapse, prr)duce a fall, this 
sharp elevation of pressure may often be of inestimable value. 

From the other aspect of the problem Brtggs reports one 
case, with chnical sj-mptoms pointing to perforation, but no 
pressure rise. Operation was undertaken, but the perforation 
was not present. Full reports of all such cases should be made, 
that the value of the blood -pressure chart, both as positive and 
negative evidence of perforation, may be established. A later 
fall of pressure, as a terminal event in the subsequent perito- 
nitis, must be distinguished from the initial hypertension, which 
can only be detected in continuous records. It is of no use 
to apply the sphygmomanometer after abdominal symptoms 
occur, without knowledge of the previous trend of pressure. 

c. Therapeatio* — The bath treatment of t>'phoid fever seems 
to liave as distinct an effect on the blood-pressure curve, as on 
temperature and pulse. When it acts favorably, a considerable 
rise is priKluced, as shown in Fig. 53. Mercandino found a 
more uniform rise from it than from any stimulant drug. I 
cannot but feel that this hj-pertensive effect is evidence of an 
action on the vaso-raotor system, which is of more imi>ortance 
than the re<luction of temperatxu^, and that (he aphygmoma- 
nometer may give indications for the employment or abandon- 
ment of this method of treatment in particular cases. C<X)k 
and Briggs have fotmd strychnin and digitalin the moat useful 
drugs for comitatting c<>IlapBe and hypotension. Where urgent 
need exists, they give as much as one-tenth of a grain of either. 
Digitalin acted the more quickly. A combination of b(jth 
seemed most generally useful. Mercandino, on the other hand, 
and Schule, as is the case with continental jtractitioners in gen- 
eral, prefer camphor and cafFein t/> all others. This accords 
with FSssler's experimental hndings in collapse, strj'chnin hav- 
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^^B iDg acted on blood-pressure only in toxic dose, di^talis tenipo-^^^f 
^^H rarily through streiigtiiouiiig the heart, and caffein and campho^^^^H 
^^M causing n considerable i-ise. It is to be hoped that chniciaDfl^^^f 
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Fio. 8fl.-TYPriolD nvxn w.tu irxamo fkati'bm ani. hi-fotmuom. ^^^M 
(Cook's sphyiiin. 5 ^^^H 

generally will study the action of drugs on blood-pressure m^^^^ 
acute diseaae. The subject, like all clinical therapeutics, ia 
involved in all manner of contradictions tonlay. It is possible 
that some remedial agents are of use in disease, which, neither 
in normal men, nor in animals, can be proved to have defi- 
nite physiological effects. The stimulants, however, cannot 
fall into Puch a category, and we should not employ as 
cardio-vascular stimulants, drugs, whose effects on blood- 
pressure cannot be demonstrated. Empiricism is still esBentJal . 
to the practice of metlicine, because the scientific study oC^^^^J 
disease has covered but a small portion of its field; but let 1U»^^^| 
be honest empirics, when we must, and stop hiding oai^^^^| 

^ M 
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ignorance behind the mask of scientific tenniuology. Least of 
all so-called stimulants does alcohol deserve the name. As in 
animals and normal men it is without influence on the blood- 
pressure or the force of the heart, so in disease the same holds 
true. Cook and Brings, Cab«jt. Mer^ndino, Schiile. and Swien- 
tochowski, have all corroborated this by sphygmomanometric 
studies. This does not negative any value of alcohol as a food, or 
for effect on the nervous system or blfKxl -distribution, in fevers ; 
but it does teach us not to rely uiKjn it as a means of fighting 
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Fid. m.—ABnvvt -r ant rtsi in BLoon-FitKasKnE AFTtit tiir xitboitiheoui 

INJECTION OF .DBENALTH. (AUIIiT'- M'liy«"l. 12 (!111.> 

in Puncture, wilh rise from prripliemi irritiUlnti. 

(a) InjMtioi' of uJrenfllin chloride (1 in 1,0001. Bli, whieh mUseJUie vein. 

cardiac or vaso-motor collapse. In fact some danger seems 
possible from its use under snoh circumstances. Ether, as 
might be expected, follows the same rule. The wonderful 
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FlO. 58. — EXTRKMB BI8S IN BLOOD-PRKflflCRK PRODUOSD BT THB im'RA VENOUS INJBOTION 

OF ADRENAUN. (AuthoF^ sphygiD. 12 cm.) 

(1) Adrenalin chloride (1 in 1,000), lllxx, injected into the median baailio vein. 
With the rise, which followed instantly, there was throbbing in head, excitement, sub- 
sternal pain, and nausea. 

(2) No pulse palpable ; heart sounds very faint ; patient delirious, pale. 
Strychnin sulphate f^. Vso and atropin sulphate f(r. Vioo fdven hypodermically. 
(8) Caffcin so<lium salicylate, ^n*. ii, fdveu hypodermically. 

In spite of the alarming secondary depression (an unusual result), there were no bad 
after-effects. 
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Seeting as to be of no practical servit"© in acute disease. It 
must also be injected into the vein to act at all (see F^. S? 
and 5y). Crile bad no Buccess with his pneumatic suit in a few 
cases. Probably coincident failure of the respiratory centre 
excludes help from this measure. 

d. Late Effects. — Thayer has examined the systolic blood- 
presHure, as well as the conilition of heart and arteries, in 1C5 
persona who had formerly [uisseil through tj-phoid fever in the 
Johns Hopkins Hospital. His figures nbow an average higher 
prt^Hsiu-e than was obtained in a comparative aeries of SJfi 
healtlij' persons who had not had the disease, either when ar- 
ranged by decadei*, or for the entire group. What is much 
more significant, 27 had more than lyO mm. pressure, while 
10 were above 20(1 mm. (R. R. 5 cm.). Of the normal indi- 
viduals, only one woman of sixty showed a tension of 180 
mm. Other infections and possible alcoholic excesses were 
excluded, as carefully as might lie, from the list. The figures, 
with Thayer's other findings, seem to support, his contention 
that cardio- vascular changi>s fre<juontly follow the t>"pboid 
infection, manifesting themselves more especially in later 
years. 

E Paeamoiiia. — One finds little uniformity of results in look- 
ing over hlood-pressure charts in cases of pneumonia. This 
holds true for one writer as against another, and for many ob- 
servers in their individual ex]>erience. The explanation is e%'i- 
dently that pneumonia htis no such constant effect on pressure 
as typhoid fever. Potain classes it as a disease with normal 
pressures, Cook and Briggs, and Gilbert and Castaigne as 
hypertensive, while Hayaski, Kaufmann and de Bary, and 
Neieser believe the pressure is usually tow. Probably the 
arterial pressure is as variable as many of the other clinical 
manifestations of the disease, 

Fraenkel has maile regular determinations with the tonom- 
eter in all his cases for some years. He finds a subnormal 
pressure the rule, especially at the time of the crisis. In one- 
third of the cases, however, it was absent. He does not attach 
much value to the tonometric observations. Neisser, also with 
the tonometer, found a sliarp fall at the crisis frequent. The 
instrument seems to me rather ill chosen for a disease in 
which peripheral cyanosis, and probable altered tonus of the 
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smaller arteries, is so common. Giglioli reports 50 cases with 
the Riva-Rocci apparatus. In the favorable ones the change 
in pressure was sUgbt. In severe cases he saw a fall to SO-'JO 
mm. on the fourth or fifth day. In fatal cases there was a 
rapid fall, he says, with dilatation of the heart. Neither Hen- 
sen, nor Mosen could demonstrate the critic«l drop in pressure, 
while Jarotzny's lowest recorded reading was under just these 
circumstances. Gilbert and Castaigne, while their figures can- 
not be accepted on account of the instrument used (P.), yet 
agree well with Giglioli. They found slight hypertension during 
the first day or so. In favorable cases the tension never de- 
creased materially, while in fatal cases a rapid fall to 80 mm. 
or less occurred. During convalescence it returned slowly 
to normal. They believe that a drop to !)0 mm. (P.) signifies 
serious danger. My personal observations are ntrt numerous 
enough to allow of deductions. There seems to be great 
daily variation in pressure. Nevertheless, the charts have 
been distinctly helpful as a guide to treatment, the general 
direction of the pressure and pulse curves, not their absolute 
height, being the valuable feature. A rise in pressure with 
fall in pulse, as improvement set in, has been conspicuous (see 
Fig. 33). 

When one pictures the possible causes for variation in lobar 
pneumonia, the difference m individual reaction to the tox- 
lemia and in extent of lung tissue involved, the motor restless- 
ness of some patients, the urgent dj'spnuea of others, and the 
great likelilirx)d of an asphyxial rise of pressure where cyano- 
sis is extreme, there is little wonder at these somewhat discord- 
ant results. Conditions are not so simple as in the pneumo- 
coccus septicaemia of Rtimberg and Passler. However, in 
pneumonia, more than in any other disease, collapse comes 
without warning. If, in even a portion of the cases, a blood- 
pressure chart will give notice of its approach, the chart is 
worth while. This is the more true, because, in this disease, 
one may fight for even minutes with the hope that the tide will 
turn. I hoi»e to make observations on the blood -pressure reac- 
tion to stimulation of the nasal mucosa, which in man, as in 
the rabbit, may give a much earlier indication of vaso-motor 
paralysis than the actual level of pressure. The treatment of 
lobar pneumonia is so entirely an empirical matter that I con- 
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Fio. 59. — Fatal lobar pneumonia. (Author^B Hphy^nn. 12 cm.) 

Chart from J. O'N., City Hospital, Ward 1. AutopHy bhowod hcpuUzution of entire 
right lun^ and of left lower lobo. 

(1) Rise in prctwuro aa luuacular twitching became niurked; probably fictitious. 
PqIho NituU. 

(2) Sharp rine from intravenoua naline hifuaion. 

(8) Rapid fall in prcaaure, with rirting pulao, beginning twenty-four hours before 
death. No further readings possible. 
(4) Died at 10.20 p. m. 
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iiut enter upon it from the standpoint of bloixi- pressure, luoj 
than to rejjeat what haa already been said under typhoid c 
cerninR stimulant measures. 

C, Diphtheria. — Only a few clinical studies of blood-pre 
have been made in diphtlioria. The most extensive, by Fried- 
tnann, was unfortimat<?ly in the da>'8 of the v. Has(.-h sphyg- 
tjiomanoinot«r. Of 15 cases iu his series, in which niarketl 
hypiftension came on during the first week, only two row>v- 
ered. These two were both severe. His results should have 
further confirmation in a largo number of patients. This will 
only be possible in a diphtheria hospital, but is most desirable. 
In laryngeal diphtheria, all the conditions for a true asphyxia) 
elevation exist. This was seen by Shaw and carefully studied 
by Honsen. One girl, for example, had a pressure of 130 mm. 
{R. R. 5 cm.) and no respiratory variation. She became sud- 
denly cyanotic, with stridulous breathing, and the pressure 
rose to 155 mm,, with each inspiration sinking to llO mui. 
Soon the breathing became free again, and the pressure dropped 
at once to i:!0 mm. This bltwd-pressure representation of the 
yiariidoxital ])ul»e he found in a number of cases of laryngeal 
diiihthi;ria. 

D. Other Acute Infections (Malaria; acute rheumatism ; septic 
conditions; intluenza). — In none of the other acute febrile dis- 
eases ia there anj-thing very definite alxiut the state of the 
blood-pressure. The older writers, with tlie v. Basch instru- 
ment, studied malaria with results in accordance with their 
particular theory as to the relation of temperature t<J blood- 
pressure. Norris recently could make out but little variation, 
in spite of a great temperature range. Potain sets down acute 
articular rheumatism as a hypotensive disease, but Carter, 
Norris, and Hensen found no marked change. The latter, Uke 
Giglioli, Hayaski, and Neisser, found that in most febrile dis- 
eases the pressure after a time tended to become subnonual. 
In none of them has its observation been shown to have any 
great use. Hensen studied a number of septic conditions, and 
Fedem lays great stress on the subnonual pressure in epidemic 
influenza, which he thinks due to heart weakness. He also 
says that persons with previous hypertension stand the disease 
badly. Acute peritonitis will be considered with sui^cal con- 
ditions in Chapter IX. 
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E. Acute InfectionB in Childhood.— Cook has made iin])ortant 
practical studies in children sick with acute diarrhieal diseases, 
pneumonia, pertussis, and tuberculosis, as well as in marasmus 
and rickets, which scarcely belong here. In all these condi- 
tions, falling blood-presHUre was found almost uniformly as an 
early sign of a change for the worse, a rd.pid drop indicating 
serious collapse. The dechne in pressure was often the first 
evidence of trouble, and, in bis experience, constituted the 
safest guide to the employment of stimulant Dieasures. During 
the first year, CO mm, usually marked the danger line, when 
treatment was called for; in other children, ftO mm. The gen- 
eral course of tlie chart, however, was more valuable than any 
single actual reading. In coUajise, pressure might fall 30 mm. 
within an hour or so. 

a. Therapeutic*. — The drugs which gave the best results, 
judged by their pressor effects, were digitalin and strychnin, 
from gr. jjj to gr. 1^^, especially in sudden collapse. Alcohol 
in single doses was without constant effect, but repeated small 
doses sometimes caused a gradual augmentation of tension. 
Saline infusion, as a stimulant, was worthless, though fre- 
quently acting beneficially on the general condition, perhaps 
through the elimination of toxins. In collapse with cyanosis, 
a hot mustard bath occasionally worked well. A short-lived 
response to treatment, with renewed fall, argued a bad prc^- 
noeis. 



3. CHRONIC INFECTIOUS DISEASES 

A. TttbercnlottB.— The earliest studies by Marfan led him to 
believe that low tension is one of the most constant symptoms 
of phthisis, apiHjaring even in the incipient stage. Of a hun- 
dred patients, only three showed normal pressure, and these 
were old people with arterio-sclerosis. His unfjualified state- 
ment may find some explanation in the fact that Potain's 
sphygmomanometer would be likely to give lower readings in 
thin persons. 

Since that time, systematic observations on the blood-pres- 
Bure of consumptives have been published from several Euro- 
pean sanitoria, by Burckhardt, John, and Naumann, all with 
the Gartner tonometer. A number of isolated measurements 
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of lees value are given hy Potain (P.), Jarotzny (H. & B.J 
Hensen (R. R.), and Hayaaki {R. R. & G.). All agree that 
hypotension is the rule in the more advanced stages, running 
roughly parallel with the impairment of general bodily vigor. 
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FlO, 60.— M*KK«[l IIVI^KHEIOH IB XOIIM TUMK.IUU.BIS. (Author'S Sphj-kllt, 19 FBI.; 

Po lion r.f pliort rroin n cbhb of auuUs plithwLi, with Mrmiimi CTiitnil niilinty tuhtr- 
T. r., male, a«vd twunty-niUB. Vily llonpHal ] 

Burekhardt, in rather a small series, found the pressure re^ 
larly diminished early in the second stage of the disease, and^ 
in advanced phthisis, rapid pulse and subnonnal tension wem 
invariable. Light exercise produced a rise in some patient^ 
and a fall in others, never of great extent. 

Naumann studied lOt) cases, from which all who had fevar^ 
arterio-sclerosis. heart lesions, pleural adhesions, or albumin ot 
sugar in the urine, were carefully excluded. They were, there- 
fore, patients with chronic, practically inactive and uncompli- 

. J 


! 





CHRONIC DtPECTIOUS DISEASES 833 1 

Iianlt's patients, most of whom had an active febrile procees. 

Of these lUU patients, 

in 69 the blood -pressure was over 130 mm. (G.), 
in 13 " " " " 115 to 130 mm. (Q.). 
in 18 " " " " under 115 mm. (G.). 

Aa to incidence with the extent of the pubnonary lesion, of the 
61) patients with over 130 mm., there wore, 

in Ist stage (Turban), 28, 

in 2d " " 2a, 

m 3d " " 19. 
Evidently the area of lung involved is without mfluence. In 
order to rc-concile these results with the Hpi>areiitly uniform 
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hypotensiou of the advanced febrile cases, one must siip] 
that chronic toxEemia is its probable cause. Namnanu believes 
that arterial tension Is valuable in prognosis, as showing to 
sonio extent the constitutional diaturlntnce, which is unques- 
tionably a better guide to the future than the lix-al signs. 

For treatment, it is hard to see that a knowledge of 
blood -pressure adds much, save that a continuously low levrf' 
is additional ai^uinent against physical exertion. The general 
causes of low pressure, the toxiemia and mahmtrition, with 
their results in heart and skeletal muscles, are the projter ob- 
jects of thenqjeutic attack, not the circulatory system. 

a. Hsemoptyiii,— Burckliardt quotes a case, which he tries 
bring in line with Hensen's observations on hasmoptysis fi 
aneurism, and h^ematemesis, as showing a rise in pressure 
hffimoptysis. From his own figures, 8.5 cm, before, 7.5 
the next moniing, 1(J cm. the second day, there was a primi 
fall. His determinations were at too great an ititer^'al to 
valuable. If the pressure does rise during a h.-emorrbage, 
Hensen showed it might, I am inclined to look for the 
in the attendant psychical excitement. Certainly in surgii 
operations and in tyi»hoid fever, where the mental factor is 
absent, a fall in pressure is practioilly invariable. Schule re- 
ports hypotension after hemoptysis, as low as fiO mm. (Q.), 
and Cook and Brigga show a fall from 125 to 70 mm., due 
a haemorrhage of 1 , 100 c.c. Naumann attempts to correlate 
higher tension in «n of his cases with the tendency to hiemo] 
tysis. Of 51 patients who had bleeding at some time, 86,2 
cent. 8howe<l a pressure above ViO mm. Of these 44 
hj-pertension (f) and hjemoptysis, 24: were in the early 
From this he concludes that most luemoptyses occur in 
early cases with high blood-pressure. These results need 
firmation. 

R Syphilis. — It is not my purpose to discuss in any way 
relation of a past syphilitic infection to those late anatomit 
clianges in heart and vessels, which have already been coneai 
ered. In the early stages of syphilis, however, when the pi 
clinically reaemblea a subacute or chronic infectious disease, 
circulatory difiturban(^es are frequent. These usually show as 
minor grades of cardiac insufficiency, with the deveU)pment of 
a mitral systolic murmur. Qrassmann has studied the blood- 
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pressure in G4 such cases, making repeated observations in 61, 
with the V. Basch sphygmoinaiiomfter. In nearly all of them 
ho found hj-potension more or loss marked. Eighty per cent, 
had a pressure below 80 mm. {right temporal artery) at the 
beginning of treatment. 

The behavior of tho blood -pressure during the further course 
of tho disease varied. Twelve cases showed no change, while 
48 had considerable tluctuatious. Of these, the majority pre- 
sented a further fall in pressure averaging 15 to ^0 mm., devel- 
oping a little time after the institution of mercurial treatment. 
As a rule the haemoglobin was simultaneously reduced. In 37 
patients with subnormal initial tension, 7 showed a further 
lowering; !), a sinking, followed by a rising pressure; 17, a 
rise; and 4, a rise with aubaetiuent fall. For the entire 61 
patientB, the results o£ treatment were as follows: stationary 
pressure, 13 cases; an increase, temporary or sustained, 22 
cases; a decrease, 'ZG caserS. 

Qrassmann believes that the relatively small number of pa- 
tients in whom the blood-pressure remains normal during early 
syphilis are an indication of the fnMjuency with which damage 
to the heart, of greater or less extent, occurs at this stage. He 
considers the hypotension a sign of relative insufficiency of the 
left ventricle. Unfortunately, improvement in the cardiac 
condition, as shown by the disappearance of relative mitral 
insufficiency, sometimes coincided with an increase, sometimes 
with a reduction of tension. 

4. CHRONIC DISEASES ASSOCIATED WITH 
IMPAIRED NUTRITION 

For convenience it is necessary to include under this head- 
ing a somewhat heterogeneous group. Tho blood-prosaure 
findings are of no special importance in any of them, except as 
pointing to unnoticed comphcations from the side of kidneys, 
heart, or arteries. 

A. Siabetei. — Fotain laid much stress on diabetes as a cause 
of the extreme grade of hypertension. His dictum seems to 
have been accepted by many other obser\'ers without verifica- 
tion. Certainly there exist no satisfactory statistics on the 
subject, and even isolated observations are hard to find. Crum- 
mer, for instauce, noted high pressure. On the other band 
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HenBen, in his Table III, headed Cachexia and Maraamus, 
eludes two cases of diabetes with slight hypotension. I have' 
seen both high and low blood-pressure in diabetes, the latter ii 
severe cases with marked emaciation and diacetic acid in the 
urine; the former especially in the milder forms in stout elder] 
people, whore chronic nephritis or arterio-sclerosis existed. 
bfilieve that the disease, of itself, is without influence on 
rial pressure ; t hat the occurrence of chronic nephritis, or 
no- or angio-Bclerosis, aa a. complication, explains the hj-per- 
tension; and that the resultant emaciation, and brown atrophy 
or fatty change in the heart, cause the bj'potension in sevi 
cases. Tabulated observations on a large number of 
with careful notos of the complicating conditions, will sel 
this still uym question. 

fi. The Aneemiaa. — The condition of the arterial pressure 
an.'cmia lias been a matter for considerable discussion, 
dally since many authors, who use the sphygmograph as 
instrument of precision, have insisted on the occurrence of pi 
longed tension. Ahnf«t all tlje measurements of hlood-pi 
in aniemic states are against this view. As a matter of fj 
the hj-potension of cachectic states is present in must of the 
ondary amemias, and the causes of hypertension may coe; 
with others, chronic nephritis especially. Chlorosis is the form 
in which the effect of htemoglobin deficiency per se should be 
demonstrated. The general consensus of opinion seems to be 
that some reduction of pressure exists in chlorotics, but it 
neither marked nor proportional, in any but the roughest waj 
to the grade of anatmia present. I cannot see that blood-pi 
sure measurements add anj-thing valuable to our t;liiiical knoi 
edge of the anemias. They are useful mainly sw iudicat 
possible complications, or primary causative conditions 
case of the secondary varieties. 



T. Bosch origiuall; taaghl that anteinia is ii5aocial>!d with 1( 
pressure, tiihier studied the relation of pies.iure and liiemoglobiii 
cblorotia girls. The nveraf^e hietnoglobiu on BdmisBioa was 58 per cent., 
nystolio prosauro 77 mm. (v. B.) ; on discharge, 94 per cent, and 8ff mm. 
This difference lies within the possible error of the metboJ, bnt, in 50 
cases, may be accorded some valne. He believed it was related to the 
cardiac weakness, bo commoa in chlorosis. Potain connidefed olUoroeis a 
disease with normal prossnres. Gaiter, and Jarotzu;, both fonnd low tau- 
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■ion (H. & B.)- With the tonomel^r, Schiile, and Ci-umuer saw low pres- 
BnreB, the latter some vety low roailinga. Shaw, however, in children, said 
tenaion was alightly ineieased. With the RivB-Itocci, Giglioli oiamined 
SO EtDiemias of diSei'ODt origins, all having bjiioteDsion, the lowest, 70 
mm., a pernicious aDiemia. Cook and Biigga believe hypolenaion is the 
rule, but ilepeadcut more on the state of general tintrition than on the 
blood condition. Uenaen saw little uhuiige, bnt examined ver; few cnses. 

C, Cachectic States. — The extreme impairment of nutrition 
which we cull cachexiii, is unquestionably assot^iated with hyi>o- 
tensiou in the majority nf cases. Both v. Basch and Potaiu 
were convinced of this, and, with the newer instruments, Cook 
and BriggH (R. R,), and Schiile (G.), among others, have sub- 
stantiated it. Ca-ses of cancer, especially of the digestive system, 
of advanced tiiberciilosis, of syphilitic cachexia, etc., have a 
blood-pressure more or less in accord with their general state of 
nutrition (sep Fig. 00). The lowest reading I have ever seen in 
oflBce practice was in a patient with cancer of the tcsophagus, 
whose strength was still fair. Systolic pressure was 80 mm., 
diastolic, 55 mm. (J. 12 cm.). Marked hypotension, however, 
that is, below 80 mm. (5 cm.), 70 mm. (12 cm.), does not occur 
except as a terminal event. 

Hensen calls attention to a fact, which I believe is too often 
lost sight of, to wit, that even profound malnutrition may be 
associated with a comparatively high arterial pressure. He 
cites one case of stenosis of the oesophagus with arterio- 
Bclerosis, who showed a systolic pressure of 183 mm. (R, R. 3 
cm,). One must always remember that cardio- vascular disease 
with high tension may coexist in these cases, though probably 
the pressure docs not rtwich the figures it would, were the gen- 
eral health Ix'ttor. 

a. Addison's Disease. — I call attention to two observations of 
my own in this connection, because it is usually believed that 
extreme hypotension goes with the disease. One was a woman 
who was still about, but with a typical clinical picture of Ad- 
dison's and a diastolic pressure of 'M mm. (H. & B.); the so- 
called mean pressure waa 105 mm. The other, a man in my 
Bervice at the City Hospital, was in the last stages of emacia- 
tion and asthenia, and showed at autopsy tj'pical fibrosis and 
caseation of both suprarenals. A number of determinations, 
. np to within about two weeks of his death, showed a ^stolio 
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pressure of 140 mm, in one arm. In the otber, the radial v 
exceedingly small and systolic pressure was about KMi mm. 



5. MISCELLANEOUS 

Only conditions which are important, or in which v 



J have 



actual knowledge of the blood -pressure, are includtMl here. The 
results of Tiotorioiisly inaccurate methods or of a priori reason- 
ing, which one mtwts in the literature, will not be considered. 

A. Lead Poisoning. — Chronic lead intoxication, as is well 
known, frenuontly produces changes in arteries and kidneys, 
and thus permanent h}'pert«nsion as a secondary effect. Apart 
from such anatomical alterations, however, lead poisoning, as 
evidenced by the typical colic, almost always goes with mod- 
erately high blood -pressure, Christeller, Hensen (8 out of IflJ 
cases), Norris (*< out of cases), and Thaussig (3 cases), tbjk 
this as the rule. Hensen, and Norris, in isiilated cai 
ctslly with intoxications of short dunition, failed to obtain t 
hypertension ; and Oumprecht, and Butterman note ; 
pressures for a case or so. 

Borgen made the most careful study of the condition, in i 
series of 1 n i>atienl«, unfortunately with the v. Basch sphj^ 
momanometer. From the figures obtained he divides the clu 
ical course of leatl colic, as seen after admission to a hospita 
into four stages, 

1. Stage of rising pressure, duration indefinite, twelve hoiu 
to several days. 

■.J. Stiigt* of high pressure, one to four days, or longer, 
pressure remains equally high during and between the att 
of pain, which liavo already begim in the first stage. 

:}. Stage of falling pressure. Pain and tenderness diaapp< 
rapidly, appetite and bowels become normal. Pressure * 
slowly to normal during a day or two. 

4. Stage of suVinormal pressure. Not present in all patientfl 
On discharge, pressiu-e usually alwve the average, but may \i 
below. 

Borgen found no relation between the actual paroxysms 
pain and the h.vpertension, which was ctintinuous. Morpbi 
seemed to reduce the tension slightly. Thaus.sig reports some 
remarkable effects from, or coincident with, treatment with 
iodipin, administered hypodermatically in doses of 5 cc, in- 
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il to 1 5 c.c. One case, in twenty -eight days, droppenl from 
I 820 mm. (O.) to 110 mm., with improvement in all symptoms; 
another in t«n days, from "2(H) mm. to 90 mm.; the third, in 
eight days, from IGO mm. tt> HO mm. 

Pal reports a caae of unusual interest, in which the amau- 
rosis, occasionally seen in lead colic, seemed to stand in direct 
relation Uy the hyi>ertenBion. 

The patient, a man ot tottj-oae, was nclmitted to tlio clinic on Ibe sixth 
da; of a typical attack, having parsed tliruiigh a similar one three ;eara 
previonslv. On admisgion, pi'essiire was 160 mm. (G), [inLie 78. Eve- 
aight oiiil piipiUary renctiona were normal. Tlie abdomen was retracted 
and tender, and the patient complained of con.sidemblo jiain. Neither 
teces nor wind were passed. Urine contained neither albumin nor sngar. 

On the next morning the patieiit noticed impaiiiuent of vision, which 
inoreaaed to complete amanroHJa during the day. Hradacbe occniTed. The 
pnpil was normal, papilla [lale, vessels tortnons, othei'wiiie a normal oph- 
thalmoscopic picture. Tonometer reading 170 mm. in the morning. 180 
mm. in the evening. He wru< ordered 5 gmmii of potassinm iodide per 
day. The siibseqnent day the patient conld tlistinguish between light 
and darkneiia. Pain was less, and a good movement followed the tme of 
aenna Pressure, a. m. 16S mm., p. m. I0(] mm, A day later he coiild connt 
flngei-s, and pain had disappeared. Pi-essnre 145 miu. In one day more 
viaioQ WOH restored, and the tension hod fallen to 1'25-rJO mm. Recov- 
ery was rapid and, on the day of discbarge, his pressure was only 75 mm. 

Altogether it seems proven that lead must be kopt in mind 
as a. possible canne of marked hypertension, in cases witliout 
demonstrable neplmtis or arterio-Kclerosis. While it is not in- 
variable, the other diagnostic features, blue line and granular 
degeneration of the red blou«I cells, are also lacking in some 
patients, bo that the sphygmomanometer may assist in the 
decision of an obscure case. 

B. Gout. — Clinicians have bc«n accustomed to associate high 
pulse tension and gout, yet no Bpliygnionianometric observa- 
tions have yet l>een reporte<l which can be accepted. Jourdin 
and Fischer state that in ginit, which is a hypertensive disease, 
a fall in pressure presages an acute attack, biit do not quote 
their authority. It is to be hnjwd that we may have some 
objective testimony soon, for it would be of distinct theoretical 
importance in connection with the etiological factors in arterial 
I, and the relation of the latter, and of nephritis, to 
igout 
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C. Emphysema; Chronio BrouctiiUa ; Aathma.— Very little at 
tentioD hati been paid to thoso conditions, in which dyspnoea il 
so marked a feature. Henseu alone has more than a pasni 
referenco to them, Carter, and Norria merely noting a ntse yr' 
so with fairly normal pressure. Hensen regidarly found com- 
paratively high tension (135 to 180 mm. R. R. 5 cm.), in out- 
patients with emphysema, asthma, and kyphoscoliosis. This 
has been my exj)erienc« in office practice?, where no clinical 
evidence of nephritis or arterial cliange existed. In man; 
my cases I am inclined to think of latent angio-sclerosis as thai 
probable cause, since arterial disease and emphysema are fro'l 
quent companions at the autopsy table. Hensen thought tbej 
dyspncea was the causative factor ; but the arterial pressure 
may be permanently high, while dyspncea onlj' follows exer- 
tion. One patient, with advanced emphysema, following 
many years of chronic bronchitis with asthma, had a systijlia 
pressure of 140 mm., diastolic I In mm. (J, 12 cm.), in spite of a 
dilated right heart with tricuspid systolic murmur, and cedemA 
of the legs. Such cases show well the futility of judging the 
condition uf the heart from the height of bloo<l -pressure. 

In aathma, Henaen rei)eat«dly observed elevations in ten*^ 
aiun of 20 mm. and more at the approach of an attack. Also,' 
during the paroxysm, marked inspiratory sinking of pressure.^ 
Nervous influences, as well as the dyspncea, must be is mind' 
in such a distressing condition as spasmodic astlima. 

D. Plenr&l and Peritoneal Sfiiuionfl. — A small number 
blood -pressure determinations, before and after the removal (rf 
pleural and peritoneal effusions, show a constant fail as the 
result of the jirocedure. Hensen, Kapsammer, and Norris re- 
port cases. The effect is much more marked in the case of 
large pleural than of peritoneal collections, and evidently in- 
dicates that the presence of the fluid causes fimctional hyper- 
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Quirin has examined the intra-al>dominal pressure during-] 
the drainage of ascitic fluid, and found positive pressures at, 
the moment of puncture between 14 and 28 mm. Hg. 'With, 
tho removal of the fluid, this sank gradually, 4 nmi. being the 
lowest and 14 mm. the higliest figures at the end of paracen- 
tesis. This fall in intra-abdominal pressure of 10 to 14 nun. 
corresponds closely with the reduction in systohc arterial ten- 
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aion reported during the siime procedure, usually only 5 to 
tJ mm. In the light of Quiriu's animal experiments (see 
page 15), a simple mechanical increase in peripheral resist- 
ance obviously suffices to explain this slight hypertension. 
Cook and Briggs note a larger reduction on tapping an ascitic 
accumulation. 

With the aspiration of large pleural accumulations, much 
greater differences occur. Hensen's results, in 7 cases, show 
14: mm. as the least, 50 mm. as the greatest reduction in sys- 
tolic pressure. The mechanical factor is inadequate to explain 
such considerable hj-pertension, and we must think either of 
reflex vaso-constrictiou or, as Hensen suggests, of a mild as- 
phyxial effect. Both may occur. The only specific references 
to pleurisy with effusion, which ignore this hypertensive effect, 
are from the French observations with Potain's sphygmoma- 
nometer, or still more inaccurate instruments, Jourdin and 
Fischer go so far astray as to give hypotension as an indica- 
tion for asi>iration. 

The chief practical value in knowing that pleural effusions 
tend to raise arterial pressure con«iderably is, that hydrothorax 
frequently complicates nephritis and cardiac disease. One 
must not refer a lower tension after aspiration to the otlier 
therapeutic measures ; nor, in an obscure case of cardiac disease 
with albuminuria and fluid in the cheat, think that hyperten- 
sion proves the existence of true chronic nephritis. 

E. Hsmorrha^. — Apart from typhoid fever, in which haem- 
orrhage seems reguLirly accompanied by hypotension, bleeding 
is seen l)y tlif^ int^?mal physician most commonly as hsBmopty- 
sis or epistaxis, then from the rectum, from gastric or duode- 
nal ulcers, and occasionaUy from the ruptm-e of an aneurism. 
Hensen reports some seemingly paradoxical findings in a case 
of aneurism, which perforated the loft bronchus and gave rise 
to repeated hemoptysis, and in gastric and pulmonary h£em- 
orrhages, 11 oases in all. In most of these the systolic tension 
was increased immediately after copious bleeding, sometimes 
20 to 25 mm. above its previous level. Later there was a 
gradual fall, never to real subnormal figures, with subsequent 
return to the original reading after a few days. 

While the physiologists have taught us not to expect 
marked or permanent effects on blood-pressure from loss of 
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blood (hoo pago 2(0, still an initial rise does not tally either 
with animal experiment, surgical observation, or the findings 
In typhoid fever. Two possible causes for this difference in 
the two groups of conditions are evident to me. One is the 
gre<it montiil excitement which attends the knowledge of 
bleeding on the i)art of the patient, and which to me seems 
the Iikeli(wt source of the initial rise in pressure. Neither in 
anamtht^tized animals or men, or in t^^phoid, does mental per- 
turbation (K»(Mir. The other cause is, perhaps, the state of the 
vaso-inotor system, which in ()i)erations and in severe infec- 
tions has not its usual jwwor of response, and might allow 
a gnviti^r fall in pressure than would occur luider more normal 
cin'unistiinct^H. A largo number of cases must be studied, 
with can^ful noting of the psychical, as well as the physical 
nwults of i\u) liaMuorrhago, Ix^fore we sliall be in a position to 
undorstnnd its c»fTcH»ts on V)lood-pre8sure. Records of systolic 
uiul diastolic pn^ssun^s will have the greatest value. 
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CHAPTER VIII 

BLOOD-PRESSURE IN NERVOUS AND MENTAL DISEASES 

1. DISEASES OF THE SPINAL CORD 

Very little study has been made of the arterial tension in 
cord disease. All spastic conditions in which the arms are in- 
volved are, of course, excluded from observation by our clinical 
methods, on accoimt of the influence of the heightened muscu- 
lar tone on the transmission of the pressure (see page Gl). In 
destructive lesions involving the higher segments, it would be 
of interest to know the extent to which the vaso-motor centres 
were damaged, so far as one might judge from the blood-pres- 
sure; but I know of no measurements under such conditions. 
Apart from this, it is hard to see what special significance the 
arterial pressure could have in this group of disease, except for 
the interesting facts which have come out in connection with 
locomotor ataxia. 

A. Tabes Donalis. — Pal, in two recent articles, has thrown 
new light on vaso-motor manifestations in connection with the 
lightning pains and the visceral crises of tabetics. He exam- 
ined the tension during the attacks by Gartner's tonometer, 
and f oimd that the lightning pains were attended by a constant 
fall in pressure, sometimes of considerable extent. In certain 
severe gastric and abdominal crises, however, an enormous rise 
occurred, up to 150 per cent, of the original pressure. One 
woman of twenty-eight, with 80 to 90 mm. between the parox- 
ysms, had 170 to 190 mm. in moderate, 240 mm. in very severe 
attacks. A thirty-year-old man liad G5 mm. pressure when 
free from pain, 140 mm. during the crisis. The climax of 
hypertension and of pain seemed to coincide, and both passed 
away together. Morphin caused sleep and a lessening of the 
pain, but no fall in pressure, and the heart often showed evi- 
dence of weakness after its use. Chloral, however, exerted a 
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hypoteneive, as well n» an analgesic effect. Of special intei 
was the alternation uf the abdominal and the lancinating pa 
Whenever the latter ca.nie on, preBsure promptly fell and 
visceral crisis ceased. 

On the strength of these findings Pal beUeves himself justi- 
fied ill assuming tliat a tspaam of the splanchnic vessels is the 
cause of the suffering in a gastric crisis, and names this a 
vascular crisis (Gefiisskrise), On the other hand, the 
irritation which brings on the lightning pains apparently affects 
depressor fibres in the posterior nerve root«, and this depressor 
stimulus is sufficient to interrupt or cut short an abdominal 
vascular crisis. This testimony is so important from the theo- 
retical, as well as the practical therapeutic standpoint, that it 
is desirable that it should be corroborated or qualified by subse- 
quent studies as speedily as possible. 

2. DISEASES OF THE BRAIN 

A. VaBcnlar DiseaBes. — The relation of cerebral arterio-Bcl»' 
rosis to general arterial disease has already been considered 
(see page 189). The sphygmomanometer gives no positive evi- 
dence of the eustence of changes in the brain vessels, but is of 
distinct service where these are suspected, by revealing the 
presence or absence of essential hj-pertonsion, and suggesting 
its causative factors in kidneys, arteries, or heart. When 
hypertension is marked, cerebral haemorrhage becomes more 
Ukely; when absent, thrombosis is the greater danger; 
in some degree both prognosis and treatment are facilitated h] 
a knowledge of the arterial pressure. When, on the oth« 
band, one of the vascular accidents has already occurred, 
sphygmomanometer helps the differential diagnosis. 

a. Cerebral Hemorrliage. — Large liEemorrhages into the 
bral hemisphere are almost always attended by general coi 
pression symptoms, coma, slow pulse, and stertorous or CheyiM 
Stokes breathing. Consequently they produce marked hyper- 
tension, which is more extreme the greater the rise in 
intracranial tension. The reasons for this have already 
discussed (see page 1-H»). It is of the greatest importance to 
know whether a comatose patient is in the initial or advanced 
stage of manifest cerebral compression, or has reached the 
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period of termiDal paralysis. No single bit of evidence tells 
this as clearly as the systolic blood-pressure. If this is extreme, 
above 300 mm. (5 cm.), 'iSO mm. (la cm.), the medulla is un- 
dergoing serious compression, and danger to life is imminent. 
This is especially true if marked Traube-Hering waves can be 
measured, which is easily done by maintaining the pressure in 
the sphygmomanometer just above the level of systolic blood- 
pressure, and noting whether a succession of large pulse-waves 
come through periodically. With instruments giving diastolic 
pressure it is even simpler, for, with the pressure held at the 
diastolic level, the rhythmical variation in size of the pulse is 
striking. If, however, the symptoms are not urgent and the 
blood-pressure is not high, either the diagnosis of hjemorrhage 
is incorrect, or it is doing local rather than general harm. If 
the patient is evidently in serious condition, with deep coma, 
Cheyne-Stokes breathing, or cyanosis, and beginning respiratory- 
failure, and a low or falling blood-pressure and rapid pulse are 
found, then the terminal stage has set in, and no treatment can 
much retard dissolution. Nothing could be more valuable in 
such cases tlian a blood-pressure record taken at fretjuent inter- 
vals, as Gushing, and Cook and Briggs have conclusively 
shown, 

A high and rising blood-pressure indicates progressive fail- 
ure of circulation in the medulla and an increasing hemorrhage. 
On account of the eirculus vitiosus estabhshed under such con- 
ditions, this rise in pressure is productive of more rapid bleed- 
ing ; while an artificial reduction of tension by drugs, derivation, 
or bleeding, will be likely to kill the patient by the cessation 
of cerebral circulation, which results the moment the general 
arterial pressure falls below the intracranial. In consequence, 
Bome surgeons, especially Gushing in this country, advocate 
immediate operation, as for extradural hfemorrhage, with relief 
of intracranial tension tmd evacuation of the clot, if possible. 
In cases where the advance of the compression is studied by 
the sphygmomanometer, this certainly deserves trial. With a 
stationary or falling pressure, without increase in symptoms, 
it should not be thought of {see Fig. 62). 

Haemorrhage in the anterior fossa of the cranium will have 
the least effect on general bliK>d- pressure, that in the posterior 
; fofisa most. Hill has shown how great pressure discontinuity 




Fio. 62.— Intracranial ii^morrhaoe (apoplbxt) with exploration of the brain 
AND evacuation OF A LARGE CLOT. (Cook'8 Bpbygm. 5 cm.) 

Pemiittent extreme hypertenKion with slow (va^niB) pulttc, resulting fVoni mechanically 
increased pressure on the medulla. 

Exertion (preparation for operation) increasing the blfxxi-prossure by exciting Airther 
hicmorrhago, and so increasing intracranial tension. 

Elevation of bono flap, and brisk external hemorrhage, reducing the blood-pressure 
momenUurily. 

Immediate complete relief of the hypertension on evacuation of the compressing 
intracerebral clot, with fluther depression due to slight shock, and subsequent return of 
blood-pressure to the normal level (arterio-sderotic patient). (From Cook and Briggs, 
Chart No. XIX.) 
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exiBts between the cerebral and cerebellar cbambers. It raaj 
be hoped that the sphygniomanometer will assist in the diag- 
nosis of the rarer cerebellar hiemorrhages, which are sometimes 
puzzling. The most conspicuous posterior fossa hfcmorrhage, 
in its influence on the medullary centres, is that accompanjTng 
fracture of the base of the skull. Extreme hypertension is a 
valuable diagnostic guide in this injury, sometimes overlooked, 
which occupies the border line between neurologj' and surgery. 

Between ursemic and apoplectic coma the decision is more 
difficult, for a marked rise in pressure attends the former. 
Figures much over 300 mm. (R. R. fi cm.) have seldom 
reported, however, except in eerebritl compression. A rec« 
case of acute uraemia at City Hospital, in which no significaaj 
brain lesion was found at autopsy, but contracted kidneys with 
marked fatty change, had a systohc arterial preeaure of 
290 mm. (J. 12 cm.). Further data are necessary before defi- 
nite statements can be made on this question. Here, as every- 
where in medicine, the physician who gets in all the obtai 
able facts, including the blood-pressure, will less frequently 
wrong than he who lays undue stress on any single diagn< 
tic fuiiture. 

b. Cerebral Thromboais and Embolum. — Obstruction of a bi 
artery can only affect blood -pressure directly, when the cii 
lation of the medulla itself is suddenly interfered with, 
a lesion would be rapidly fatal. Indirectly, as Hill has sho^ 
it may produce secondary compression through surrounding 
congestive or inflammatory cedema. Practical obeervationH 
on arterial tension under such conditions are lacking. Moder- 
ate or considerable hy-pertenaion, from arterio-sclerosis or kid- 
ney disease, is not uncommon in the subjects of thrombotic 
hemiplegia (see Fig. 43), but I have never seen the high fig- 
urea reached in htemorrhage. Unquestionably the finding of 
approximately normal blood -pressure, early in a paralytic 
stroke, makes arterial occlusion highly probable. This is im- 
portant for treatment. If hjemorrhage be excluded by the 
mode of onset, and extent of the local manifestations i^ithout 
general compression symptoms, any measures which lower 
general blood-presaure must bo directly injm-ious, since they 
diminish the speed of the cerebral circulation and favor an 
extension of the clot. Far more are stimulant drugs, such as 



■mer. j 

ecenri^^^H 

icaal^^l 




DISEASES OF THE BRAIN 



353 



I 



caffein, called for; and the effects should be controlled by sys- 
tematic measureniKDts of pressure, 

B. Tomon and Inflammationi.— CHnical olwervations of blood- 
pressure have not b©on reported in connection with growths or 
inflammatory brain lesions, except in operations for their re- 
moval. Hill thinks it probable that tumors cannot of them- 
selves cause pressure symptoms, because room is made for 
their alow increase, as a rule, by atrophy of brain substance. 
Growths of the posterior fossa, especially when they obstruct 
the veins of Galen or the aqueduct of Sylvius, cause marked 
increase of intracranial tension and must Ije associated with 
high blood -pressure. The same should be true where consid- 
erable hjemorrhage into the growth takes place, or when there 
is much inflammatory cedema or exudation in tumors, men- 
ingitis, or abscess. Accurate information should be forth- 
coming. 

C. General PaieuB. — Pilcz has examined a large number of 
patients in every stage of general [jaralysia. Ha found normal 
tension in the earlier stages, HX) to IIU mm. (G.), falling as the 
disease advanced. In the terminal bedridden state hypoten- 
sion became extreme, 50 to 80 mm, (G-). This seems analo- 
gous to the subnormal pressure of other wasting diseases, but is 
rather more pronounced. In several patients he was able to 
foretell death by the rapid fall in pressure. Where Bright's 
disease was present, hypertension was in evidence, and depres- 
sive mental states brought about a rise- The remissions in 
symptoms, so common in this disease, were accompanied by 
higher tonometer readings. 

The only other report on general paresis is from Craig, who 
himself admits that his cases were not nimierous or suitable 
enough to allow of conclusions. 

D. Xyasthenla Oravu. — Steinert reports a case of myasthenia 
gravis, in which the systolic pressure was low, 100 to 120 mm. 
{R. R. 5 cm.). The patient had a fall in pressure, with subse- 
quent rise, in a cool Nauheim bath, which caused a well- 
marked elevation of tension in a healthy man. The observa- 
tion is a purely isolated one. It is quoted here because the 
condition is described in neurt^logical text-books, though its 
real pathology is not yet certain. 
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3. THE PSYCHOSES 

Numerous interesting studiee oa blood-pressure in the in- 
sane have come from various asylums, here and abroad. The 
results are surprisingly uniform. 

A. Helanoholia. — The height of arterial pressure in melan- 
cholia seems to bear a definite relation to the intenaty of 
mental suffering, and always tends to be above the normal 
average. Cramer gives some interesting case histories, with 
charts, which show this connection clearly {see Fig. 63). His 
work was with the v. Basch sphygmomanometer, but Alex- 
ander, and Craig, with the Hill and Barnard, Pilcz, and 



A|.r(l * ID 11 i: IJ ll li 


^^ ^_^ ^_ * x^m ^^^^^ 










' " ^ A, 


-i '» I--,* 6 


1 5 1.. - tJ °^ 








V,,,.,.,™ \ 


1 \ + " 




i,v„™,»,i.„ ^ V^di'2^ = '^^-> 



RoHfie, with the tonometer, and Dunton, with the Riva-Rocci, 
all confimi it. Alexander distinguishes four types of melan- 
cholia: simple molancliolia, in which no marked elevation of 
pressure occurs; an acute passive tj-pe, in which pressure is 
invariably high, decreasing as the sj-mptoms abate, and rising 
with each relai>8o; an acute demonstrative type, with more 
irregular course, not so marked hj-pertension, nor so constant 
a descent with the amelioration of symptoms; lastly, chr(mia 
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j melancholia, with low tension except during acute exacerba- 
itioos of the mental sjrmptoma. Cratg says that tension is 
l-Tariable in agitated melancholia, coireBponding with Alexan- 
I'der'a demonstrative cases. Some patients in etui>or lie foimd 
wAad high readings. Pilcz saw readings as high as 130 to 
liBOO mm. (G.) during paroxysms of anguish. As regards the 
Keausation of hypertensifin during intense mental depression, it 
■eeems reasonable to refer it to abnormal vaso-constrictor tone. 
r.Crampr sees in the high pressure the source of the acute men- 
tal suffering — a most unhkely theory, since hypertension has 
no such sequence in its most marked forms. Alexander be- 
lieves it a manifestation of toxjemia from retained waste prod- 
ucts. We certainly do not know enough of the morbid physi- 
ology of the psychoses to hazard an explanation of this rather 
constant feature. One thing it seems to indicate is, that acute 
melancholia should be considered an active mental state. 
Craig considers the sense of pressure on the top of the head, 
in melancholies, a vascular symptom. So far as treatment 
goes, Craig reports improvement in some patients from nitro- 
glycerin or erythrol tetrauitrate. He also noted a regular 
daily fall in pressure, with abatement of the anxiety, toward 
evening. 

B. Acate Mania.— States of motor excitement have the op- 
posite eiTect on blood- pressure from conditions of mental anxiety 
and motiir depression. In mania the tension is regularly low. 
Pilcz found that persons with periodic mania liad 25 to 30 mm, 
lower pressure during the excited state. In the exhaustion fol- 
lowing a maniacal outbreak, Craig, and Alexander found hypo- 
tension more marked. The latter did not see subnormal read- 
ings in mania, but low as contrasted with melancholia. Dunton 
thinks in either case the motor condition has greater influence 

I oa the blood-pressure than the mental. 

Baths of long duration, according to Rosse, are followed by 

& rise in pressure averaging 20 mm. (G.), and exert a quieting 

ffect on the patient. Craig made a similar observation for 

ptxiths of seven to eight hours' duration. When the bath was 

beffective, the pressure remained unchanged. 

C, Circular Intanity. — In circular insanity the findings for 
Kconditions of excitement and of depression hold good in the 

Pilcz saw a few exceptions to this rule, and found great 
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variability of pressure at different periods, but considers 
association of restlessness with low pressure usual. He thinke 
hypertension a factor in the differential diagnosis of stupor, 
occurring with it in circular insanity, but being absent in 
catatonic stupor. 

4. FUNCTIONAL CONDITIONS 

A. Epilepsy.^In epileptic, as in other convulsions, a maxkt 
rise in pressure is said to take place. One can scarcely see how 
accural*^ readings are made during the fit, Pilcz, in two cases, 
found a rapid fall as soon as muscular relaxation set it, rea<:h- 
ing normal in a few minutes. Fere found much the same, 
though not so prompt a subsidence. His figures, using Bloch's 
instrument, are of httle worth. The condition of the blood- 
pressure after a convulsion might be of considerable signifi- 
cance in distinguishing epilepsy from acute uriBmia, in which 
hypertension persists during the coma and is a permanent 
feature. 

B. Trigeminal ITeDralgia.— Like most acute pain from other 
causes, the paroxysms of this agonizing tic cause a rise in blood- 
pressure. The height reached seems fairly proportional to the 
intensity of the suffering. There is no coincident change in 
pulse-rate, so that a pure reflex vaso-constriction seems the 
probable cause. One of Cushing's charts, from an operation 
for excision of the Gasserian ganglion, shows the effect of two 
paroxysms, before the administration of ether. The mild 
produced a rise in systohc pressure from IGO mm, to 190 mi 
the severe one, from 105 mm. to 335 mm, {R. R. 5 cm.). 

C. IniomiLia. — Bruce has made interesting studies of bl( 
pressure in sleepless patients, on the basis of which he dial 
guishes insomnia with high blood -pressure, 130 to 150 
(H. & B.), from insomnia ^vith normal or low pressure. The' 
first group always had a prompt fall in pressure when they 
went to sleep. Erythrol tetranitrate, in these patients, acted 
as a hypnotic if it reduced tension. This makes a relation be- 
tween the hypertension and the insomnia manifest. Paralde- 
hyde, in dose of 3 ij, was the most certain and prompt drag in 
this group, sulphonal and trional were less trustworthy, and 
bromide ha<l no effect. Sleep was possible with hypertension, 
but always produced some fall. For the cases with normal 
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pressure, sulphonal, trional, and small doses of paraldehyde 
were most efficient. Komfeld made compamtive measurements 
on the same persons in natural sleep and that induced hy 
trional. He miiformly observed a much greater fall after the 
drug, in some cases as much as 50 per cent, of the previous 
tension. When sleep did not follow, much less reduction of 
pressure occurred. After its continued use, a lowering of the 
average daily systolic blood -pressure was noted. Komfeld 
thinks the hypotensive effect due to the quieting of the nervous 
system — that is, the removal of reflex vaso-constriction from 
psychical causee. This seems reasonable. It suggests the 
great value which sleep may have in cardiac cases, reducing 
the work of the heart, besides permitting repair of nervous 
tissues. In no diseased condition, I think, is the beneficial 
effect of a night's rest from hypnotics eo clearly visible. 

D. Heuiopatliio Individuals. Hysteria. — Heim examined 25 
normal and 58 neuropathic children, finding considerably 
higher tonometer readings in the latter, 130 to 150 mm. He 
thinks it valuable in the frequently difficult task of deciding on 
the reality of children's complaints, higher pressure indicating 
greater psyciiical irritability and suggesting a neurotic basis. 
He observed no difference between neurastheuia and hysteria. 

Eosse found that hysterical girls, who complained of pain 
and other abnormal sensations during menstruation, had a 
Erteady rise of 20 mm. during the flow, instead uf normal or 
diminished presstire. Between the monthly periods the pres- 
sure was not only lower, but fluctuated rapidly. An increase 
in pulse-rate attended the menstrual rise in pressure. Pilcz 
notes a cataleptic boy, bedridden and profoundly emaciated, 
who preserved normal blood-pressure. I have seen markedly 
neurasthenic persons with rather low normal systolic pressure, 
and dimuiished pulse-preasure. I am inclined to doubt the con- 
stancy of high tension in the neurotic. One must be especially 
careful not to confuse the neurasthenia which is sometimes due 
to vascular or kidney disease, with its essential hypertension, 
and these reported high normal readings in simple neuras- 
thenics. 
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CHAPTER IX 

BLOOD-PRESSURE IN SURGICAL CONDITIONS 

1. USES OF THE SPHYGMOMANOMETER IN 

SURGICAL PRACTICE 

The evident practical value of blood-pressure records during 
operation, and in the study of certain surgical problems, has 
been so ably presented by Crile, and Gushing, that the sphyg- 
momanometer is finding almost as wide acceptance among 
surgeons as among medical men. The illuminating experi- 
ments of Crile (see page 157) upon shock, and of Gushing on 
states of increased intracranial tension (see page 139), make its 
use imperative for the intelligent treatment of these two con- 
ditions. As a guide to the anaesthetist, the arterial pressure 
seems more valuable than the pulse alone. Both together are 
of the utmost prognostic significance. Beyond these direct re- 
sults, I am inclined to believe that pre-operative observations 
of blood-pressure would afford indications of cardio- vascular 
disease, in some patients, which might well influence the de- 
cision as to the wisdom of operative interference. Such a use, 
I fear, might not be a universal recommendation. 

2. BLOOD-PRESSURE DURING SURGICAL 

OPERATIONS 

Systematic measurement of the blood-pressure during oper- 
ation is being widely adopted by surgeons, and bids fair to be- 
come general. It may easily be carried out by the anaesthe- 
tist. To be of value, a determination should be made every 
five minutes, and, with the pulse-rate, recorded on a chart 
which can be seen by the operator. This procedure was orig- 
inally recommended by Gushing. The chart described hereto- 
fore is well adapted for this purpose, and is more easily read if 

the systolic pressure be marked with a red pencil, the pulse in 
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blue or black. The condition of the patient's circulation can 
then be taken in at a glance. SystoUc pressure alone is neces- 
sary, because the object is merely to follow the changes in ten- 
sion. It can be measured more quickly than diastolic, and is 
more affected by hemorrhage and other causes of hypotension. 
In order to utilize such a graphic record, the surgeon must 
know what the ordinary influence of the various steps in a 
surgical operation are, and what the extraordinary and danger- 
ous manifestations. These will be taken up in order, so far as 
possible. 

A. Inflnenoe of the AnflMthetie. a. Ether. — All observers 
agree that ether, even in large amoimts, seldom produces a 
significant fall in blood-pressure. This agrees with the evi- 
dence in animals, very large quantities of ether being required 
to seriously affect heart or vaso-motor system. Duplay and 
Hallion have recently shown this anew, and called attention to 
the blood-pressure as the one sure danger signal. In the first 
and second stages the pressure usually rises, due to the excite- 
ment and muscular exertion, but in full surgical anaesthesia it 
falls to near the normal. According to Cook and Briggs, it 
never produces marked hypotension unless causes for shock, or 
cardiac failure, are present. As the patient comes out of narco- 
sis, the pressure curve rises. Blauel tabulates 100 administra- 
tions, watched with the tonometer. In 79 per cent, there was 
a rise in pressure during the whole period ; in 9 per cent, no 
change or an insignificant fall. Only in 12 per cent, of the 
cases was there a real fall, and these were mainly weak per- 
sons, or with severe haemorrhage or profuse sweating (see Figs. 
04, 07, and 09). 

b. Chloroform. — The danger of sudden death during chloro- 
form narcosis has always been emphasized in this coimtry, 
though often denieil abroad. Blood-pressure observations cer- 
tiiinly put the fear of chloroform on a sound footing. Except 
during hibor (Cook and Briggs), it is usually attended by di- 
minished arterial tension from the start. Duplay and Hallion, 
and Reme<li, obtained the same result in animals. Blauel, in 
39 cases, found a marked fall in 60 per cent., a moderate fall 
in 18.0 i)cr cent. Only 10.8 per cent, showed a continued rise 
in pressure throughout narcosis, and 8.1 per cent, an average 
rise. Kapsammer gives very similar figures for 80 cases, only 



BLOOD-PRESSURE DURING OPERATIONS 363 

6 Bhowing a real continued rise. The diminution in tension 
was usually 10 to 40 mm. (Q. ) ; a few times GO to 70 mm. ; once 
120 mm. Puricelli saw some increase in tension during the 
preparation for operation, which continued during the first stage 
of ameBtheBia, after which it r^^ularly decreased. Neither be 
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nor EapBammer could discover any relation between the previ- 
ous height of blood-pressure and the tolerance of the ansea- 
thetic. Awaking from anaesthesia, coughing, or vomiting in- 
creased the pressure by 20 to 30 mm. Blauel's chart (Fig. C4), 
which shows an average curve for both ether and chlorofonn, 
computed from a number of cases, is more instructive than 
any single observation (soo Fig. 70). 

e. Hitrou Oxid«. — Laughing gas, as one might expect, 
causes some hypertension, from the partial asphyxia it in- 
duces. According to Cook and Briggs, when given with etlier 
it eliminates the hj-periiension of the second stage of excite- 
ment, the patient passing directly from tlie primary rise to the 
lower pressures of deep narcosis. This is evident in several of 
tixe ticcompanjing charts (see Figs. M and 71). 

d. Coeain — Crile rejiorts that abdominal operations under 
local anaesthesia produce less depression of blood-pressure than 
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those done with a general anseethetic. Of course protnu-te^^l 
and extensive operations were impossible, and the slight effect 
on blood-pressure was probably duo in large part to the small 
amount of manipulation involved, When pain or fear was 
produced, tension rose irregularly, with subsequent detrline 
(see Fig. 65). Cook and Briggs found that cocain, adminia- 


1 




Nar-:/\ao 




o 


fieTatio'h. 


3. 




Blood Pressure 
Poise Rate 


' 


ao 




V 




3o 




3^ 


V 




ts 




60 




.. 


or 


3o 


mm. H8 4() 
Napermm^Q 































































































































































































































__ 


,/V 




K 


- 












__ 


. ' 




' 100 


A 


^ 


— 


— 


f j\ 




^ 




\ 


■ — 






— 








!J 
























-4 




'■-''<• *-go 

80 
70 
60 
50 


^ 




t- 


— 




— 




r 




^ 


— 






r 




— 


— 






















































































' 








/ 
































































































































































































To 

30 
20 
10 

















































































— 




























k 


AK.KaTiiieiA, (AutLor's spbygiii. 12 em.l 
Ii«ln (reflex vmo-coiwlriotionl. ~^^B 

tered bypodermically, usually produced a distinct rise in prea^H 
sure during collapse and shock, and seemed a fairly reliaU^f 
vaso-motor stimulant. Infiltration anjesthesia must also in^^H 
crease blood-pressure temporarily, when considerable tensioil^l 
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1 CocainizatioD of the epiiial cord, acconlmg tu Cushing, may 

1 induce dangerous hypotension, through paralyzing, in the 

1 upi>er dorsal region, the efferent nerve-fibres which control the 

Bplanchnic circulation. Application of cocain to the medulla 
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oblongata, in Crilo's experiments, reduced the blood-pressure 
to 40 or 50 mm., and rendored the centre inactive to reflex 
stimulation. Aiiart from tht- imssible direct vaso-motor paraly- 
sis, these openitinns show littk' pressure variation (see Fig. m). 

tiont.— AU cutting invol\-t?9 the irritation of peripheral nerve- 
endings, which, as a rule, provokes reflex vaso-constriction, 
just as in the hiboratory animal. The slight rise in the blood- 
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from atretcbing of the Striatic nerve. It is a clinical duplicate 
of the tracing in Fig. 5, obtained on stimulation of the anterior 
crural nerve in a di5g. A similjvrly marked vast>-constriction 
follows the simple operation of dilating the sphincter ani. 
Gushing suggesta that the sudden deaths, which have occa- 
sionally been rep<irted during these slight operations, may be 
due to rupture of a diseased cerebral vessel by the sudden 
hyjK-rteiision. 
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Severe manipulation of large mixed or sensory nerves, as 
in forced retraction, the separation of firmly fixed tumors, 
and other procedures requiring considerable traction, may 
cause a sharp fall in blood -pressure. In Crile's experience tiiis 

B especially pronounced when the superior laryngeal nerve 
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was injured. A reflex slowing of the heart coincidetl. 
same effect was produced by irritation of the lar^Tigeal mu- 
couB membrane in animals, and operations on the larynx are 
frequently accompanied by dangerous shock. Kapsammer 
reporta a fall from 110 mm. to 40 mm, (G.), with profuse sweat- 
ing, due to traction on the sciatic nerve during an operation for 
osteomyehtis of the femur. Section of large nerve-trunks also 
has a serious depressor effect, and may lead to grave hypotottj 
sion. Gushing, and Crile, both report such an occurrence ii 
operations involving division of the brachial plexus. 
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According to Crile, little variation of blood-pressure attends^ 
operations upon bone. Fig. fiS shows such a case. In the 
more extensive external operations, such as the complete Hal- 
stead operation for cancer of the breast, Gushing found ttiat 
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little fall in pressure resulted if haemostasis was perfect; Crile 
found that rough sponging, blunt dissection, and strong re- 
traction caused the most marked depression. These clinical 
instances of reflex vaso-dilatation should find their explana- 
tion in the knowledge of the depressor fibres in mixed nerves 
(see page 21), which is as yet incomplete. 

b. Operations on the Abdominal Cavity. — The opening of the 
peritoneum produces a much sharper rise of pressure than 
skin incision (see Fig. 69). The subsequent course of the 
curve is downward, in extent dependent on the duration of the 
operation and the amount of exposure and manipulation of 
the viscera. Increased pulse-rate is a constant accompani- 
ment. Simple appendectomies, and other procedures in which 
but a small portion of intestine is handled, according to Crile, 
show little change in pressure after the first fall. The more 
serious and protracted operations, however, in which shock is 
common, need constant observation of the tension. Removal 
of gangrenous bowel, in strangulated hernia and other forms 
of intestinal obstruction, sponging the intestine, and flushing 
the abdomen, all lower it. The upper segment of abdomen 
seems especially sensitive in this respect (see Fig. 70). Crile 
was unable to prove any effect from irritation of the mucous 
membrane of the intestine. Every irritation of the peritoneum 
after the primary incision, however, showed on the blood-pres- 
sure chart. 

Cushing, and atfter him Cook and Briggs, consider the fall 
in pressure during laparotomies as due to direct peripheral 
action on the splanchnic circulation. This may be true in 
part. Crile, however, noted a simultaneous increase in respi- 
ration in almost every instance. This could only have been 
due to a medullary reflex, and makes the same mechanism a 
more probable explanation of the hypotension. 

Simple paracentesis of the abdomen causes a slight fall in 
pressure, due to release of the intra-abdominal tension. Re- 
medi, who thinks shock is due principally to chloroform, says 
that laparotomies on dogs, without anaesthesia, cause only a 
slight lowering of mean carotid pressure, 2 to 8 mm. 

a GynflBOologioal Operations. — Some difference of opinion ob- 
tains as to the effect of operations on the female pelvic organs. 
Crile, in almost every case, found the manipulation of these 
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organs, whether from their vaginal or peritoneal aspect, pro- 
duced a rise. The height was proportional to the severity of 
the traumatism. Schroeder, on the other hand, thinks these 
operations show a considerable lowering of pressure, those by 
the vc^inal route much less than the abdominal. He uses 
chloroform narcosis, but thinks the laparotomy much more 
provocative of hypotension than the anaBsthetic. Possibly the 
combined effect explains the variation of his results from Crile's. 
He advocates the systematic charting of blood-pressure, during 
and after operations, and considers a secondary fall, after the 
initial recovery of pressure succeeding operation, of serious 
prognostic significance. Fig. 71 illustrates an abdominal op- 
eration for uterine fibroids, in which considerable bleeding 
occurred. 

d. Operations on the Thoracic Cavity.— Surgeons, like physi- 
cians, report a considerable lowering of tension on the removal 
of pleural exudates (Crile, Kapsammer). This shows in a 
small way in Fig. 65. Otherwise I know of no observations. 

e. Operations on the Cranial and Vertebral Cavities. — The re- 
moval of bone, in trepanation or laminectomy, seems to exert 
little influence on blood-pressure. Incision of the dura with a 
sharp knife has no effect, but irritation of either cerebral or 
spinal dura mater causes a fall in pressure, most marked from 
sponging (Crile). The influence of the further steps depends 
on the underlying lesion. If there is no increased intracranial 
tension, incision of the cortex, or probing, are unaccompanied 
by marked change. If cerebral pressure is much increased 
by the operation, the typical blood-pressure reaction follows. 
Gushing shows this especially in his charts from oi)enitions on 
the Ghwserian ganglion. Elevation of the temporal lobe, to 
expose the ganglion, produced a sharp rise in the curve. He 
reports one case, where fatal shock followed excision of the 
ganglion, with rapid fall in pressure. 

When operation is undertaken for the relief of acute cere- 
bral compression, whether from middle meningeal or intracere- 
bral haemorrhage, or fracture, an enormous drop in arterial 
pressure follows the release of the intracranial tension. Fig. 
62, taken by Briggs from one of Cushing's cases, is typical of 
this. No other change in blood-pressure met with clinically is 
80 striking. Hill, Kocher, and Gushing have all called atton- 
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tion to the necessity for extensive osteoplastic reaction of the 
skull in the treatment of general cerebral compression. A 
small opening is immediately occluded by the portion of cor- 
tex which bulges into it, and no good is done. In the ter- 
minal stage of compression, a falling blood-pressure may be 
arrested by immediate operation, even when artificial respira- 
tion has to be resorted to on the table, as Cushing has demon- 
strated. 

In operations for tumor of the brain, Frazier emphasizes 
the importance of sphygmomanometric observation. He reports 
instances of surgical shock with typical hypotension, which 
developed during manipulation of the brain in such cases. 

£ Operations on the Oenito-nrinary Organ&^Crile observed a 
fall in pressure from traction on the spermatic cord during her- 
niotomy and operations on the testicle. Amputation of the 
penis in an elderly man gave a distinct fall. The removal of 
a large carcinomatous kidney was attended by marked hypo- 
tension. During all procedures in this field, depressor effects 
were manifested, if the blood-pressure was influenced at all. 
Fig. 72 shows an extreme fall in pressure during prostatectomy, 
in a patient with chronic interstitial nephritis. The consider- 
able haemorrhage acted like therapeutic venesection in reliev- 
ing hypertension. 

3. BLOOD-PRESSURE IN SURGICAL ACCIDENTS 

AND DISEASES 

A HflBmorrhage. — Loss of any considerable volume of blood, 
in an anaesthetized patient, results in an immediate descent of 
the blood-pressure curve, fairly proportional to the severity of 
the haemorrhage. Unless extreme, or succeeded by shock, a 
compensatory rise follows. The predisposition to shock, which 
accompanies hypotension from acute anaemia, is its dangerous 
feature in most cases. Figs. 70, 71, and 72 illustrate the effects 
of bleeding as clearly as Fig. 6, taken in the laboratory. 

a. Trei^ment — The study of therapeutic measures for the 
relief of low blood-pressure after haemorrhage must never neg- 
lect the definite physiological tendency of the blood-pressure to 
return unaided to its normal level. No interference can be 
accorded any value unless it obviously hastens this return. 
Saline infusion, either intravenous or subcutaneous, seems to 
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accomplish this, experimentally and clinically, by mechanically 
increasing the blood- volume, as Fig. 70 demonstrates strikingly. 
Crile, and Cook and Briggs, both advocate its use. In hypo- 
dermoclysis, peripheral irritation is responsible for the first rise 
in pressure. Dawson has supplied apparently definite evidence 
that, in animals which have been bled severely, a solution con- 
taining sodium bicarbonate, 0.25 per cent., in addition to sodium 
chloride, 0.8 per cent., is more efiicacious than simple saline. 
Unpublished experiments by Stiles, in the Physiological Labo- 
ratory of the University and Bellevue Hospital Medical Col- 
lege, proved that the addition of calcium salts was of no value 
whatever. 

In haemorrhage, the true cardio- vascular stimulants, strych- 
nin, digitalin, ergotin, and especially adrenaUn, have a real 
influence, as Cook and Briggs's, and Crile's work shows. In 
addition, the mechanical measures used in shock are, of course, 
attended by benefit, as well as a posture which saves the re- 
maining blood for the brain. 

R Collapse and Shook. — The early recognition and treatment 
of these conditions have been vastly facilitated by the introduc- 
tion of the sphygmomanometer at the operating table, the honor 
of which belongs to Cushing. Cook and Briggs feel safe in 
stating that a fall in blood-pressure is their surest and earUest 
manifestation, and affords the best evidence of their severity. 
Crile, as we have seen (see page 157), applies the term collapse 
to the more sudden falls in pressure, shock to the progressive 
ones, in which the vaso-motor centre fails to respond to stimuli. 
The mechanism by which this is produced is through repeated 
or severe traumatisms to sensory nerves, which act reflexly on 
the medullary vaso-motor centre. Ordinary injuries, as we 
have seen, cause reflex vaso-constriction. When the vaso- 
motor centre, however, has been repeatedly or too forcibly 
stimulated; or, as Cushing emphasizes, it has been affected by 
certain primary or sec»ondary anaemias, as in profuse haemor- 
rhage, it responds in the opposite way. The peripheral stimuli 
call forth a fall in blood-pressure, and each successive operative 
manipulation brings the curve a step lower, until, in profound 
shock, it passes below the essential limit and death is imminent. 
Shock, of course, includes the depression of other activities of 

the nervous system, but the imix)rtant point is, that the danger 
10 



Fio. 78. — ^Traumatio shock wttiiout h^horrhaok. (Cook^ spbygm. 5 cm.) 

Very low blood-profisures marking tho depth of shock, which was otherwise clinically 
typical and marked. 

Temporary rises in blood-pressuro after each of two smaller doses of strychnin. 

Marked depression of blood-pressure, with chon^ for the worse in every symptom, 
daring the continuance of an infusion of normal salt solution in the breast (considerable 
local tension). 

After discontinuing the infusion, steady, progressive, and permanent rise in blood- 
preaaure to tho normal level, with complete recovery. (From Cook and Briggs, Chart 
NowVL) 
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to life lies in the hypotension, dependent on loss of central 
vaso-motor, not of cardiac function. 

Crile found that he could produce a state of profound shock 
as surely by repeated direct stimulation of the vaso-motor 
centre with strychnin, as he could by reflex stimulation from 
peripheral injury. There seems no question of the facts he has 
adduced. 

a. Prophylaxifl. — This includes the avoidance of all those un- 
necessary injuries to peripheral nerves which may call forth 
a depressor response; perfect haemostasis; and the minimum 
manipulation of abdominal organs. Rough handling, blunt 
dissection, and needless expenditure of time, are dangerous, 
except where the blood-pressure shows favorable conditions. 
Chloroform should never be used where shock is feared. Cush- 
ing, and Crile, call attention to the great value of preventing 
the abnormal stimuli from reaching the medulla, when opera- 
tions necessarily involve injury to important nerves. This is 
accomplished by the injection of cocain into the nerve-trunks 
before their division. Thus, in major amputations, the brachial 
plexus may apparently be divided with impunity after it has 
been ** blocked" by cocain, and Crile always treats the superior 
laryngeal nerve in the same way in neck operations of any 
magnitude. 

b. Treatment. — Whenever the blood-pressure shows serious 
depression, chloroform should be stopped and ether substi- 
tuted. If ether is being used. Cook and Briggs beHeve its con- 
tinuance safer than to allow the patient to come out, if a need 
for the renewal of the anaesthetic is Hkely to arise. All ma- 
nipulations, except those essential to completing the operation 
at the earliest moment, should be avoided. 

The question then arises as to the means of combatting the 
hypotension. Here the entire decision hinges upon the con- 
dition of the vaso-motor centre. Is its activity absolutely ex- 
hausted by the successive stimuli it has responded to, or is its 
function merely inhibited, or in abeyance ? Crile seems to have 
demonstrated that, in profound experimental shock, the centre 
can no longer respond to either peripheral or central stimula- 
tion. Since he could produce shock equally by repeated injec- 
tions of strychnin, he seems justified in assuming that to use 
such a central stimulant, when the vaso-motor centre is already 
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exhausted by overstimulation, is positively harmful. On the 
other hand, it is diflBcult to decide clinically whether such com- 
plete exhaustion of the centre exists ; and Cook and Briggs 
have shown a prompt, and apparently life-saving response to 
strychnin and digitalin, in clinically profound traumatic and 
surgical shock in Cushing's wards. This has followed the use 
of large doses, up to gr. ^V (s©^ Fig. 73). 

The use of saline infusion in shock is evidently worthless, 
and we have already seen that alcohol and ether are not hyper- 
tensive agents. How nitroglycerin and amyl nitrite, pure 
vaso-dilators, could be given by any intelUgent surgeon, even 
before Crile's demonstration of their futility, is hard to under- 
stand. 

Adrenalin seemed to oflfer a briUiant prospect of control- 
ling blood-pressure by purely j)eripheral vaso-constriction. Its 
effects are so fugacious (see Figs. 57 and 58) that the only re- 
sults so far obtained have been from using it continuously, by 
intravenous infusion in saline solution, 1 in 50,000 or 100,000, 
with addition of atropin, after Crile's method. Some sudden 
deaths have followed this, and Cook and Briggs have found 
that the general symptoms did not improve with the blood- 
pressure. The most rational method of maintaining the blood- 
pressure for long periods of time, and at any desired level, 
seems to be Crile's pneumatic suit. Some wonderful results 
have been obtained with it, and the greatest credit is due him 
for its invention. It deserves extensive trial, and warrants 
considerable hoj)e. 

0. Head Injuries. — It is impossible to enter into the compH- 
cated questions involved in the differential diagnosis of concus- 
sion, contusion, and compression of the bram, which are so 
admirably presented in Kocher's monograph. Measurement of 
the blood-pressure is of considerable service in connection with 
all other general and focal s^Tnptoms. A low blood-pressure 
may be present m concussion, as are certain other symptoms of 
shock; in direct injury to the medulla; and in compression, 
during the terminal stage. When found early after injury, it 
is an indication for artificial respiration and transfusion, ac- 
cording to Kochor, to increase the arterial blood-supply of the 
medulla. It is not so immediately dangerous as respiratory 
arrest. With hypotension, operation is not indicated for the 
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relief of general cerebral symptoms, imless it be undertaken as 
a forlorn hope, in the paralytic stage of compression. 

Hypertension is, as we have seen, direct evidence of ane- 
mia of the medulla from compression (see page 141). When it 
supervenes after injury, it seems one of the best indications for 
operative interference. Cushing, in this country, has studied 
the matter especially, and advocates surgical interference in 
non-tramnatic cases of general cerebral compression as well. 
There seems no reason why, with the blood-pressure mount- 
ing above 300 mm., an intracerebral clot should not be evacu- 
ated, as much as one from the middle meningeal artery. So 
far as traumatic cases are concerned, Kocher regards the ap- 
pearance of the slow high tension pulse, and other symptoms 
of advanced compression, as evidence that the favorable period 
for surgical intervention has passed. The earlier diagnosis 
must depend on focal manifestations of local pressure, which 
have not yet appreciably raised the tension in the posterior 
fossa. 

Every case of head injury, or cerebral accident, should by 
all means have systematic blood-pressure measurements taken 
at short intervals. The effects of operation are most strikingly 
exhibited on the blood-pressure chart (see Fig. 62). 

d. Aonte Peritonitis. — Crile studied the arterial tension in 
twenty cases of acute peritonitis from various causes, and 
found a moderate hypertension in all, probably dependent on 
reflex vaso-constriction from the peritoneal irritation. His 
highest reading was 208 nmi., lowest 156 mm., and average 
166 mm. (R. R. 5 cm.). This may be of some diagnostic value, 
especially in the recognition of perforative peritonitis in ty- 
phoid, which has already been considered. Late in the course, 
as collapse develops, the blood-pressure sinks. Heineke de- 
monstrated this in animals (see page 156), the cause being 
vaso-motor paralysis similar to that in other infections. 
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CHAPTER X 

BLOOD-PRESSURE IN OBSTETRICAL CONDITIONS 

1. VALUE OF THE SPHYGMOMANOMETER IN 

OBSTETRICAL PRACTICE 

Comparatively little use has yet been made of the sphyg- 
momanometer by obstetricians. During labor, the accoucheur 
is quite enough occupied without making blood-pressure ob- 
servBtions. Nevertheless, one or two measurements before and 
after labor would be a small price to pay for the information 
concerning certain of the most dreaded obstetrical accidents, 
which can be obtained in this way. As I have said before, an 
intelligent nurse may easily be taught to make observations of 
sufficient accuracy for clinical purposes, and could keep the 
physician informed of the movements of blood-pressure, in 
cases where mishaps are feared. 

The greatest importance attaches to the arterial pressure as 
a means of foretelling, and in consequence perhaps forestalling, 
an eclamptic seizure. As a measure of shock, which may 
accompany obstetrical operations, and of the dangerous results 
of haemorrhage, it has the same value as in surgical cases. 
Besides these more conspicuous uses, I beheve that blood- 
pressure determinations should be made during pregnancy 
whenever the urine is examined, and for the same reason. As 
a guide to the seriousness of a pregnancy nephritis and its 
liability to terminate in eclamptic convulsions, such a record 
would be far more adequate than the usual urinary report. 

The literature contains but scanty references to studies 
along these lines, and few of those are with accurate instru- 
ments. Cook and Briggs's cases, so admirably shown in their 
charts, should stimulate investigation in lying-in hospitals. 
The systematic recording of blood-pressure in large series of 

cases ought to demonstrate its very practical usefulness. 
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2. BLOOD-PRESSURE DURING PREGNANCY 

Before definite statements can be made concerning the in- 
fluence of pregnancy on blood-pressure, there must be accurate 
records on the same women, at moderate intervals, throughout 
its whole duration. These are impossible in hospitals, where 
the waiting women come late, and must be furnished from 
private practice. At present, only measurements on diflFerent 
cases at different periods exist. Hence we find Queirel and 
Reynaud claiming that hypertension exists throughout, in- 
creasing up to labor; Wiessner, that a rise occurs during the 
later months; while Vaquez and Millet, Goldwater, and Cook 
and Briggs never found readings above the normal Umit until 
uterine contractions had actually begun. The latter authors 
made the interesting observation of a fall in pressure with the 
descent of the foetal head into the pelvis, in the ninth month. 
This seems good evidence of some previous increase in tension 
above the normal for the individual, from the augmented intra- 
abdominal pressure (see page 15). They also noted a rise* in 
systolic pressure accompanying the painless uterine contrac- 
tions during pregnancy. 

The whole question is one it would be worth while to solve. 
The studies of Dreysel, who made weighings of the heart by 
Miiller's method, in autopsies of seventy-six pregnant women, 
showed a distinct hypertrophy of both ventricles, which was 
proportional to the increase in body-weight. The existence of 
such an absolute, but not relative hypertrophy, would be no 
reason for assuming that hypertension would coexist, as we 
have already seen in discussing the hypertension of chronic 
nephritis (see page 146). Fiith and Kronig were unable to 
prove increased viscosity of the blood in pregnant women. 
The considerable intra-abdominal tension during the last 
months seems to me an adequate cause for what httle eleva- 
tion of pressure may occur. 

The most important point, at least, is settled. Real absolute 
hypertension, say above 180 mm. (5 cm.), 160 mm. {12 cm.), 
does not exist during normal pregnancy. The discovery of 
such tension, especially on several examinations, should be re- 
garded as distinct evidence of mischief, and the kidneys care- 
fully watched. 



BLOOD-PRESSURE DURING LABOR 285 

3. BLOOD-PRESSURE DURING LABOR AND THE 

PUERPERIUM 

A. Labor. — Several factors coincide to raise the arterial pres- 
sure during labor. The excitement, the muscular eflFort, the 
contraction of the abdominal walls, the painful sensory impulses, 
all assist. Nevertheless, Cook and Briggs have shown that 
there is a constant rise in pressure during each pain, exactly 
parallel with the uterine contraction, and that this elevation is 
almost as great under full chloroform narcosis. A chart dur- 
ing labor shows these regularly recurring peaks on the pressure 
curve, which are much more striking than the shghter accelera- 
tion of the pulse. Whether due to the emptying of the uterine 
sinuses, and consequent increased blood-supply to the heart, or 
to reflex vaso-constriction, or both, does not appear. Between 
the pains, tension remains at a higher level than before the 
onset of labor. As the pains become more frequent and severe, 
both the average level and the maximum elevation go higher, 
until the child is expelled, when there is an immediate fall to 
somewhat below normal for the individual. Wiessner has seen 
a drop of KH) mm. (R. R. 5 cm.) after the birth. Vaquez and 
Millet, and Queirel and Reynaud give a similar picture, which 
seems well substantiated. Only Lebedoff and Porochjakow 
failed to find pressure so high during labor (v. Basch sphygm.). 
One great source of error exists for observations under these 
conditions. The voluntary cohtractions are not localized to the 
abdomen, and even the arms may participate. Even a sUght 
heightening of muscular tone in the arm would give a fictitious 
value for the blood-pressure and must be avoided. Cook and 
Briggs's findings under chloroform, however, make it evident 
that the hypertension is real. 

a. Influence of Chloroform. — The fact is well known, that ac- 
cidents during the administration of chloroform are most ex- 
ceptional in obstetrical practice, as compared with surgical 
anaDsthesia. Cook and Briggs suggest that this may be due 
to the fact that hypertension during labor is the rule. Not 
only lal)or itself, but operative interference to hasten it, have 
marked pressor effects, which would certainly tend to counter- 
act the effect of the chloroform. Some fall in pressure attends 
its use here, as in surgery, but never to a dangerous level. 
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collapse, produce hypotension. The extent of the fall in pres- 
sure, and the level at which it is maintained, are proportional 
to the danger that exists. Fig. 74, from Cook and Briggs, 
shows such a condition of hypotension and its prompt disap- 
pearance after a large hypodermic of strychnin. The blood- 
pressure curve here, as in other conditions of vaso-motor de- 
pression, is probably one of the best indications of the neces- 
sity for stimulation, and of its eflFect. 

B. The Pnerperiiim. — The changes in blood-pressure after 
the birth of the child must be of small consequence, and de- 
pendent on more or less individual causes. Thus Wiessner 
found readings lower than in pregnancy (R. R.); GJold water, 
a very slight diminution in tension during the first three days, 
7 mm. (Q.) at the greatest; LebedoflF and Porochjakow, a fall 
of at least 18 mm. (v. B.) during the early days, with a return 
to normal during the second week; while Queirel and Rey- 
naud report a rise in pressure, attaining its maximum as a 
rule on the fourth day, with subsequent slow decline. 

These latter observers noted a rapid development of hyper- 
tension with any complicating inflammatory disease; perito- 
nitis, pneimionia, or grippe. The Verdin sphygmomanometer, 
which they used, casts suspicion on all their results. 

4. PUERPERAL ECLAMPSIA 

There is no difference of opinion as to the value of the 
sphygmomanometer in the detection and treatment of eclamp- 
sia. Hypertension has been invariable in all the cases so far 
observed, as in acute uraemia. The existence of high pressure 
during pregnancy is a warning of its possible occurrence, 
which seems of more value than the finding of albuminuria. 
I am unable to speak from personal experience, but the testi- 
mony is so convincing and harmonizes so perfectly with what 
we know of blood-pressure before ursemic convulsions, that I 
feel assured of the wisdom of sphygmomanometric measure- 
ments as a routine during pregnancy. 

During labor itself the hypertension is harder of recogni- 
tion, because in large degree a normal feature. After deliv- 
ery, however, if the pressure does not fall, eclampsia must be 
considered immanent. In all the cases studied by Cook and 
Briggs, this post-partum hypertension was invariably followed 
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by convulsions sooner or later. Wiessner, Fiith and KriJnig, 
and Vaquez and Nobecourt, all insist on the great importance 
of this premonitory rise. 
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sure by venesection and the abstraction of 200 to 300 c.c. of 
blood. Pal endeavors to bring eclamptic amaurosis into line 
with the similar transient blindness in uraemia and lead poison- 
ing, as due to circulatory disturbance in the occipital lobe, 
dependent on the hypertension. He quotes no personal ob- 
servation. 

It is sincerely to be hoped that obstetricians in general will 
recognize the help which the sphygmomanometer can gi e 
them in this condition. To take the arterial tension is far 
easier than examining the urine, and the information thus ob- 
tained is no whit less valuable. A few measurements by the 
nurse, during and after labor, would give a most welcome 
confidence that danger from this particular quarter was un- 
Ukely. 
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Abbreyiations, list of, xv. 
Abdomen, operations on, 260. 

paracentesis of, 240, 260. 
Abscess, of the brain, 253. 
Addison*s disease, 287. 
Adrenalin, 228. 

in hflBmorrhage, 273. 

in shock, 277. 
Age, influence of, 108. 
Aged, the, muscular exertion in, 

123. 
Albuminuria, cyclical, 188. 
Alcohol, in normal man, 118. 

in disease, 223. 
Amaurosis, in eclampsia, 280. 

in lead colic, 230. 

in uraemia, 182. 
Amyl nitrite, in cardio-vascular dis- 
ease, 211. 

in shock, 277. 
Ansemia, 236. 

cerebral, 130. 
Anaesthesia, general, 262. 

general, in obstetrical cases, 285. 

local, 263. 

spinal, 265. 
Aneurism, 180. 

relation of, to hypertension, 152. 
Anger, 110. 
Angina pectoris, 202. 

treatment of, 214. 
Angio-sclerosis, 148, 188. 
Animals, different, blood-pressure in, 

28. 
Aorta, ligature of, 23. 

disease of, 143. 
Aortic insufficiency, 104. 

stenosis, 106. 



Apparatus, Dehio's, 206. 

Walden's, 71. 
Appendectomy, 260. 
Apoplexy, cerebral, 152, 180, 248. 

cerebral, operation for, 278. 
Armlet, adjustment of, 56. 

influence of inner wall of, 65. 

influence of site of application of, 50. 

width of, relation to limb, 57. 

cross-section of, Hill and Barnard's, 
54. 

cross-section of, Riva-Rocci's, 54. 

y. Recklinghausen's, 57. 
Arrhythmia, 205. 
Arteries, aneurism of, 180. 

compression of, 180. 

different, blood-pressure in, 30. 

digital, vaso-motor changes in, 68. 

dilatation of, 150. 

disease of, 143, 184. 

disease of, cerebral, 180, 248. 

disease of, treatment of, 210. 

effect of hypertension on, 150. 

hypertrophy of, 151. 

not all contracted or dilated at the 
same time, 24. 

rupture of, 151. 

small, dilatation of, 10. 

thrombosis of, 180. 
Artery, manner of closure of, 60. 

pulmonary, blood-pressure in, 31. 

wall of, influence of, in measure- 
ments, 60. 
Arterio-capillary flbrosis, 144. 
Arterio-sclerosis, 143, 184. 

influence of, in measurements, 60. 
Ascites, 240. 
Asphyxia, '37. 
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Aspiration, of effusions, 240. 
Asthma, bronchial, 240. 

cardiac, 204. 
Attention, mental, 119. 

Baths, Brand, 221. 

in normal man, 124. 

Nauheim, 210. 
Basedow's disease, 200. 
Blood-pressure, as a guide to adequacy 
of circulation, 161. 

as a guide to functional ability of 
heart, 161. 

diastolic, criterion of, 60. 

elements of, 136. 

end, little greater than lateral, 65. 

factors which determine, 11, 

first demonstrated, 8. 

high. (See Hypertension.) 

human, direct measurements of, 20. 

limits of, normal, 108. 

limits of, pathological, 135. 

low. (See Hypotension.) 

mean, how calculated, 4, 35, 112. 

normal, data for, 110. 

records, 101. 

relation of, to temperature, 160. 

relation of, to pulse-rate, 160. 

systolic, in brachial and digital ar- 
teries, 60. 

systolic, criteria of, 62, 64, 66. 

systolic, inspiratory fall of, 206, 230. 

variations of, cardiac, 4, 5, 32, 109. 

variations of, diurnal, 113. 

variations of, in different individu- 
als, 108-112. 

variations of, in the same individual, 
112-127. 

variations of, periodic, 32, 112. 

variations of, respiratory, 4, 5, 35, 1 12. 

variations of, respiratory, in asthma, 
240. 

variations of, respiratory, in dis- 
ease, 208. 

variations of, respiratory, in diph- 
theria, 230. 

variations of, spontaneous non- 
rhythmical, 37. 



Blood-pressure, systolic and diastolic, 
measurement of, 129. 
systolic and diastolic, not measured 

by manometric trace, 5. 
systolic and diastolic, in bsBmor- 

rhage, 28. 
systolic and diastolic, in normal 

animal, 32. 
systolic and diastolic, relation of. 
(See Pulse-pressure.) 
Blood, volume of, 25. 
Bone, operations on, 268. 
Bradycardia, 205. 
Brain, abscess of, 253. 
absence of vaso-motor nerves in, 17. 
aniemia of, 139. 
arterial disease of, 189, 248. 
compression of, 139. 
cortex of, stimulation of, 21. 
diseases of, 248. 
tumors of, 253. 
tumors of, operation for, 272. 
Bronchitis, chronic, 240. 

Cachexia, 237. 
Caffein, 139, 221. 
Camphor, 139, 221. 
Centres, vaso-motor, 17, 18. 

vaso-motor, in cerebral anaemia, 140. 

vaso-motor, in collapse, 155. 

vaso-motor, in shock, 157. 
Charts, blood-pressure and pulse, 101. 
Cheyne-Stokes respiration, 205. 

in cerebral anemia, 140, 141. 
Childhood, acute disease in, 231. 
Children, normal, 108. 
Chloroform, 262. 

in obstetrical cases, 285. 

in puerperal eclampsia, 288. 
Cholecystectomy, 260. 
Circulation, adequacy of, blood-pres- 
sure as a guide to, 161. 

arterial, general features of, 9. 

splanchnic, importance of, 22. 

splanchnic, in arterio-sclerosis, 143. 

splanchnic, in hypertension, 142. 
Closure, of artery, manner of, 60. 
Coagulation, method of preventing, 3. 
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Cocain, 263. 
Cold. 124 
Colic, lead, 2da 
Collapse, 158. 

experimental evidence on, 155. 

in obstetrical cases, 286. 

in pneumonia, 227. 

in surgical cases, 278. 

in typhoid fever, 219. 
Color, of skin, change of, as criterion, 

53,66. 
Coma, unemic, 182. 
Compensation, of the heart, disturb- 
ance of, 197, 198. 
Compression, cerebral, 139. 

cerebral, operation for, 271, 278. 

circular, method of, 54-62. 

of an artery, 189. 

of limb, in measurements, influence 
of, 66. 
Contraction, muscular, in measure- 
ments, influence of, 61. 
Convulsions, epileptic, 256. 

unemic, 182. 
Coronary artery, ligature of, 12. 
Cortex, cerebral, stimulation of, 21. 
Cranium, operations on, 271. 
Crises, vascular, in tabes, 248. 

visceral, in tabes, 247. 
Criteria not in clinical use, 73. 

the several, validity of, 62-78. 

of diastolic pressure, 51, 69. 

of systolic pressure, 45, 53, 62. 

Data, tabulated, for normal blood- 
pressure, 110. 
Death, sudden, during operation, 267. 
Depressor fibres in sensory nerves, 21. 
Depressor nerve, 14, 21. 
Diabetes, 235. 
Diagnosis, of angina pectoris, 203. 

of cerebral haemorrhage, 249. 

of collapse, in acute disease in 
childhood, 281. 

of collapse, in obstetrical cases, 287. 

of collapse, in pneumonia, 227. 

of collapse, in surgical cases, 273. 

of collapse, in typhoid fever, 219. 



Diagnosis, of combined yalve-lesions^ 
195. 

of epileptic coma, 256. 

of head injuries, 277. 

of lead poisoning, 289. 

of nephritis, 172, 178. 

of nephritis in pregnancy, 284. 

of peritonitis, 278. 

of puerperal eclampsia, 287. 

of shock, 278. 

of stupor, in circular insanity, 256. 

of typhoid haemorrhage, 219. 

of typhoid perforation, 220. 

of uraemia, 182. 
Diarrhoea, acute, in childhood, 281. 
Digitalin, in acute disease in child- 
hood, 231. 

in haemorrhage, 278. 

in shock, 277. 

in typhoid fever, 221. 
DigiUlis, 139, 210. 
Dilatation of sphincter ani, 267. 
Diphtheria, 280. 
Disease, blood-pressure in, 133-166. 

cardio-vascular, 169-216. 

cardio-vascular, after typhoid fever, 
226. 

cardio-vascular, effect of exertion 
in, 208. 

of the arteries, 184. 

of the heart, muscular, 191. 

of the heart, nervous, 200. 

of the heart, valvular, 194. 
Diseases, acute infectious, 216. 

acute infectious, in childhood, 231. 

chronic infectious, 231. 

chronic, with impaired nutrition, 
235. 

Internal, 167-244. 

mental, 253-256. 

nervous, 245-258. 

nervous, functional, 256. 
Dogs, blood-pressure in, 29. 

laparotomy on, 269. 

Eclampsia, puerperal, 287. 
Effusion, peritoneal, 240. 
pleural, 240. 
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Elasticitj, of the arterial wall, 24. 

of the arterial wall, necessity for, 10. 

error, in measurements, 66. 
Elements, functional and essential, of 

blood-pressure, 186. 
Embolism, cerebral, 252. 
Emphysema, 240. 
Empyema, operation for, 264. 
Eneigy, of the heart, 11-16. 
Endocarditis, acute, 200. 
Epilepsy, 256. 

Ergotin, in haemorrhage, 278. 
Error, elasticity, in measurements, 56. 
Erythrol tetranitrate, in insomnia, 
256. 

tetranitrate, in melancholia, 255. 
Ether, 262. 

not a stimulant, 228. 

nitrous, spirits of, 211. 
Excitement, 110. 
Exertion, mental, 119. 

muscular, in animals, 89. 

muscular, in man, 121. 

muscular, in the aged, 128. 

muscular, in cardio-vascular dis- 
ease, 208. 

muscular, in tuberculosis, 282. 

Factors which determine blood-pres- 
sure, 11-28. 
Fever, 160. 

typhoid, 217. 
Fibrosis, arterio-capillary, 144 
Fingers, warmth of, necessary for 

measurements, 68. 
Flow of liquids through tubes, 9. 
Fright, 119. 
Functional nervous conditions, 256. 

Ganglion, Gasserian, operation on, 271. 
Genito-urinary operations, 272. 
Goitre, exophthalmic, 200. 
Gout, 239. 
Graphic method, 8. 
Graves^s disease, 200. 
Gravity, influence of, in measure- 
ments, 59. 
Gynascological operations, 269. 



HaBmodynamometer, Oliver's, 58. 
JlasmoptysiB, 284. 
IlaBmorrhage, cerebral, 189, 248. 

cerebral, operation for, 278. 

experimental, 26. 

in medical cases, 241. 

in obstetrical cases, 286. 

in surgical cases, 272. 

in typhoid fever, 219. 

intracranial, operation for, 271, 278. 

middle meningeal, 271, 278. 

pulmonary. (See IIJSifoPTTSis.) 
Head, injuries to, 277. 
Heart, disease of, muscular, 191. 

disease of, nervous, 200. 

disease of, valvular, 194. 

disease of, effect of exertion in, 208. 

disease of, in secondary syphilis, 
284. 

disease of, treatment of, 210. 

effect of hypertension on, 148. 

energy of, 11-16. 

functional ability of, blood-pressure 
as a guide to, 161. 

hypertrophy of, in arterio-sclerosis, 
148. 

hypertrophy of, in hypertension, 148. 

hypertrophy of, in nephritis, 144. 

hypertrophy of, in pregnancy, 284. 

rate of, 18. 

reserve force of, 15. 

work of, blood-pressure as a guide 
to, 161. 
Heat, 124. 

Hemiplegia, 189, 252. 
Hydrocele, excision of, 265. 
Hypertension, absence of, in angina 
pectoris, 208. 

absence of, in arterial disease, 148, 
185. 

absence of, in cardiac disease, 192. 

absence of, in nephritis, acute, 178. 

absence of, in nephritis, chronic in- 
terstitial, 172. 

absence of, in nephritis, other forms, 
177. 

dangers of, for the arteries, 150. 

dangers of, for the heart, 148. 
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HjpeiteDsion, diagnosis of, 187. 

effect of, on the arteries, 150. 

effect of, on the heart, 148. 

essential, 142. 

essential, causes of, 142. 

false, in aortic insuflSciency, 194. 

functional, causes of, 188. 

from cocain, 264. 

from ether, early stages, 262. 

in angina pectoris, 203. 

in angio-sclerosis, 148. 

in apoplexy, 189, 248. 

in arterio-sclerosis, 143, 185. 

in asphyxia, 87. 

in asthma, 240. 

in bronchitis, chronic, 240. 

in cerebral compression, 139, 278. 

in cerebral hemorrhage, 189, 248. 

in cerebral thrombosis, 252. 

in circular insanity, 256. 

in crises, visceral, of tabes, 247. 

in diabetes, 285. 

in disease of heart, 192. 

in emphysema, 240. 

in exophthalmic goitre, 200. 

in gout, 289. 

in insomnia, 256. 

in labor, 285. 

in lead poisoning, 288. 

in melancholia, 254. 

in nephritis, 144, 169, 177, 179. 

in neurotics, 257. 

in obstetrical operations, 286. 

in peritonitis, acute, 278. 

in pneumonia, 226. 

in pregnancy, 284. 

in puerperal eclampsia, 287. 

in trigeminal neuralgia, 256. 

in typhoid perforation, 220. 

treatment of, 210. 
Hypertrophy, of the heart, in arterio- 
sclerosis, 148. 

of the heart, in hypertension, 148. 

of the heart, in nephritis, 144. 

of the heart, in pregnancy, 284. 
Hypnotics, 256. 
Hypotension, causes of, 152. 

dangers of, 18, 159. 



Hypotension, effects of, 18, 159. 
from chloroform, 262. 
in acute disease in childhood, 281. 
in ansmia, 286. 
in cachexia, 287. 
in cerebral compression, terminal, 

141, 249, 277. 
in cerebral haomorrhage, terminal, 

249. 
in collapse, 158. 

in collapse, in obstetrical cases, 286. 
in collapse, in surgical cases, 278. 
in collapse, in typhoid fever, 219. 
in diabetes, 286. 
in diphtheria, 280. 
in general paresis, 268. 
in h»morrhage, in obstetrical cases, 

286. 
in hemorrhage, in surgical cases, 272. 
in hemorrhage, in typhoid fever, 

219. 
in lightning pain, of tabes, 247. 
in mania, acute, 255. 
in myasthenia gravis, 268. 
in peritonitis, terminal, 278. 
in pneumonia, 226. 
in secondary syphilis, 284. 
in shook, 158, 278. 
in tuberculosis, 281. 
in typhoid fever, 217. 
terminal, 158. 
treatment of, in medical cases, 221, 

281. 
treatment of, in surgical cases, 276. 
Hysteria, 257. 

Iodides. (See Potassium Iodide.) 

Incision, 265. 

Individual, normal, variations of 

blood-pressure in, 112-127. 
Individuals, different, variations of 

blood-pressure in, 108-112. 
Infections, acute, 216. 
Influenza, 280. 
Infusion, saline, in acute disease in 

childhood, 281. 
saline, in hemorrhage, 272. 
saline, in shock, 277. 
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Innervation, double, of arteries, 23. 
Insanity, 254. 

circular, 255. 
Insomnia, 256. 
Intestine, manipulation of, 269. 

mucous membrane of, irritation of, 
269. 

resection of, 269. 
lodipin, in lead poisoning, 238. 
Irregularity, of the heart, 205. 

Kidneys, disease of, 169. 

disease of, amyloid, 177. 

disease of, cardiac hypertrophy in, 
144. 

disease of, hypertension in, 144. 

disease of, treatment of, 210. 
Kymographion, 3. 

liabor, 285. 
Laparotomy, 269. 
Lead-poisoning, 238. 
Limits, normal, of blood-pressure, 
108. 
pathological, of blood-pressure, 135. 
Liquids, flow of, through tubes, 9. 
Locomotor ataxia, 247. 

Malaria, 230. 

Man, normal, blood-pressure in, 105- 

132. 
Mania, acute, 255. 
Manipulation, of nerves, in surgical 

operations, 267. 
Manometer, mercurial, first intro- 
duced, 3. 

mercurial, errors of, 5. 

mercurial, proper calibre of, 5. 

mercurial, compensated, 6. 

elastic, 6. 

maximum and minimum, 6. 

Gumprecht's, 80. 

how filled, 103. 
Marasmus, 231. 
Meals, 117. 

Measurement, direct, of blood-j)res- 
sure, 1-6. 

indirect, of blood-pressure, 41-74. 



Mediastinum, tumor of, 191. 

Melancholia, 254. 

Meningitis, 253. 

Menstruation, in normal women, 127. 

in hysterical women, 257. 
Mental activity, 119. 
Method, graphic, 8. 

of circular compression, 54-62. 

V. Recklinghausen's, 73. 
Methods, sphygmographic, 45, 73. 

which apply pressure through solid 
bio: k, 45. 
Mitral disease, 198. 
Muscles, contraction of, influence of, 

in measurements, 61. 
Myasthenia gravis, 253. 
Myocarditis, 191. 

Narcosis, surgical, 262. 
Nephritis, acute, 178. 

chronic diflFuse, 177. 

chronic interstitial, 169. 

chronic parenchymatous, 177. 
Nerve, anterior crural, stimulation of, 
21. 

chorda tympani, stimulation of, 19. 

depressor, 14, 21. 

sciatic, stretching, 266. 

sciatic, stimulation of, 21. 

superior laryngeal, cocainization of, 
276. 

superior laryngeal, manipulation of, 
267. 

vagus, 12, 20. 
Nerves, manipulation of, 267. 

sensory, stimulation of, 21. 

sensory, depressor fibres in, 21. 

splanclinic, impcjrtance of, 22. 

splanclinic, section of, 23. 

vaso-constrictor, 17. 

vaso-dilator, 17, 18. 
Nerve-trunks, cocainization of, 276. 

irritation of, 266. 

section of, 268. 
Neuralgia, trigeminal, 256. 
Neurasthenia, 257. 
Neuropathic individuals, 257. 
Neuroses, cardiac, 200. 
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Nitroglycerin, in cardio-vascular dis- 
ease, 211. 
in melancholia, 255. 
in shock, 277. 
Nitrous oxide, 263. 

Nutrition, imi>aired, chronic diseases 
with, 235. 

Obstetrics, blood-pressure in, 281-289. 
Occupation, 109. 
Odors, 119. 

(Edema, influence of, in measure- 
ments, 61. 

of the lungs, 205. 
Operations, genito- urinary, 272. 

gynaecological, 269. 

obstetrical, 286. 

peripheral, 265. 

surgical, 261. 
Osteomyelitis, operation for, 267. 
Output, of the ventricles, 12. 

Pain, 120, 139, 256, 264. 
Pains, labor, 285. 

lightning, of tabes, 247. 
Palpation, of the pulse, 44. 
Paracentesis, of the abdomen, 240, 260. 

of the thorax, 240, 271. 
Paraldehyde, in insomnia, 256. 
Paralysis, general, of the insane, 253. 

vaso-motor, 15, 18. 

yaso-motor, in collapse, 156. 

vaso-motor, in shock, 158. 
Paresis, general, 253. 
Pelotte, V. Basch's, 46. 

Potain's, 48. 
Perforation, in typhoid fever, 220. 
Peritonitis, acute, 278. 

perforative, in typhoid fever, 220. 
Pertussis, 231. 
Pneumatic ring, GSrtner's, 55, 82. 

suit, Crile's, in acute disease, 226. 

suit, Crile's, in shock, 277. 
Pneumonia, 226. 

in childhood, 231. 
Potassium iodide, in cardio-vascular 
disease, 211. 

in lead poisoning, 239. 



Poisoning, lead, 238. 
Posture, 115. 

in cyclical albuminuria, 184. 
Practice, in muscular exertion, 122. 
Pregnancy, 284. 
Pressor effect, 21. 

fibres, 21. 
Pressure, atmospheric, 88, 126. 

end, how measured, 10. 

intra-abdominal, 15. 

lateral, how measured, 10. 

total. (See End-pressure.) 
Prophylaxis, of shock, 276. 
Prostatectomy, 272. 
Prognosis, in acute disease in child- 
hood, 231. 

in angina pectoris, 208. 

in cerebral hemorrhage, 249. 

in diphtheria, 230. 

in general paresis, 253. 

in head injuries, 278. 

in nephritis, 173, 178. 

in pneumonia, 227. 

in puerperal eclampsia, 287. 

in surgical operations, 262. 

in typhoid fever, 217. 

in tuberculosis, 234. 

in uremia, 182. 
Pulse, palpation of, 44. 

obliteration of, as criterion, 45, 62. 

return of, as criterion, 62. 

alternating, 205 

different in two arms, 190. 

paradoxical, 208. 
Pulse-rate, relation of, to blood-pres- 
sure, 13, 160. 
Pulse- volume, during excitement, 119. 

during exertion, 122. 

in aged, 129. 

in disease. (See Pulse-pressure.) 
Pulse-wave, return of, under com- 
pression, 62. 

return of, "letting the cuff feel," 
64. 
Pulse-waves, rudimentary, 63. 

well-developed, 63. 
Pulsation, maximum, as criterion, 51, 
69. 
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Pulse-pressure, importance of, 85, 129. 

not measured by roaiiometrictrace,5. 

in normal animal, 32. 

during excitement, 119. 

during exertion, 122. 
• in alternating pulse, 205. 

in aortic insufficiency, 195. 

in arterial disease, 185. 

in bradycardia, 205. 

in cyclical albuminuria, 184. 

in bffimorrhage, 28. 

in hypertension, 25, 136. 

variation of, with posture, 116. 
Puerperium, the, 287. 
Pulmonary, artery, blood-pressure in, 

31. 
Psychical state, 119. 

in melancholia, 254. 
Psychoses, the, 254. 

Rate, of heart, 13, 160. 

Records, blood-pressure and pulse, 

101. 
Reflex, pelvic, 286. 
Reflexes, vascular, 21. 
Resistance, peripheral, 10, 16. 
peripheral, blood-pressure as a guide 
to, 161. 
Respiration, Cheyne-Stokes, 205. 
Cheyne-Stokes, in cerebral antemia, 
140, 141. 
Rest, unaccustomed, 116. 
Retraction, forced, 267. 
Rheumatism, 230. 
Rickets, 231. 

Ring, pneumatic, Gartner's, 55, 82. 
pneumatic, adjustment of, 56. 
pneumatic, width of, relation to 
finger, 59. 

Sepsis, 230. 

Sex, 108. 

Shock. 153, 157, 273. 

Sight perceptions, 119. 

Size, bodily, 112. 

Skull, fracture of, 277. 

operations on, 271. 
Sleep, 116. 



Sodium bicarbonate, in saline infu- 
sion, 273. 

carbonate, solution of, to retard 
coagulation, 8. 

nitrite, in cardio-vascolar disease, 
211. 
Sphincter ani, dilatation of, 267. 
Spinal cord, destruction of, 18. 

section of, 17. 

diseases of, 247. 
Spinal canal, operations on, 271. 
Spiritus etheris nitrosi, in cardio-vas- 

cular disease, 211. 
Species, animal, blood-pressure in dif- 
ferent, 28. 
Splanchnic circulation, importance of, 
22. 

circulation, in hypertension, 142. 

nerves, 22, 23. 

vessels, dilatation of, from depres- 
sor reflex, 21. 

vessels, constriction of, from depres- 
sor reflex, 22. 

vessels, in arterio-sclerosis, 148. 
Sphygmomanometer, care of, 108. 

choice of, 102. 

development of, 46. 

leaks in, 104. 

V. Basch's, 46. 

Behier's, 45. 

Bloclfs, 45. 

Cheron's, 45. 

Cook's, 80. 

Erianger's, 93. 

Forster's, 45. 

V. Frey's, 45. 

Gartner's, 82. 

Hill and Barnard's, 84. 

Hill and Barnard's, pocket, 53. 

Iloorweg's, 45. 

Ililrthle's, 51, 73. 

Jane way's, 89. 

Landois's, 45. 

Levaschoff's, 45. 

Marey's, first, 50. 

Marcy's, second, 51. 

Martin's, 80. 

Mosse's, 51. 
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Sphygmomanometer, Oliver's, 68. 

Philadelphien's, 45. 

Potain's, 48. 

Y. Recklinghausen's, 78. 

Riva-Rocci's, 78. 

Stonton's, 87. 

Verdin's, 45. 

Vierordt's, 43. 

Waldenburg's, 45. 
Sphygmomanometers, the modem, 75- 
104. 

comparison of results obtained with, 
100. 
Sphygmometer. (See Sphtomomanom- 

ETEB.) 

Sphygmom^trographe, Philadelphi- 

en's, 45. 
Strychnin, in acute disease in child- 
hood, 231. 
in collapse, in obstetrical cases, 287. 
in collapse, in surgical cases, 276. 
in collapse, in typhoid feyer, 221. 
in hiemorrhage, 278. 
in shock, 276. 
Suggestions, practical, for use of 

sphygmomanometer, 102. 
Suit, pneumatic, Crile's, in acute dis- 
ease, 226. 
pneumatic, Crile's, in shock, 277. 
Sulphonal, in insomnia, 256. 
Suprarenal extract, 228. 
Superior laryngeal nerve, injury to, 

267. 
Surgery, blood-pressure in, 259-279. 
Sweating, during anaesthesia, 262. 
during exertion, 123. 
to reduce hypertension, 214. 
Syphilis, secondary, 234. 

Tabes dorsalis, 247. 
Tachycardia, paroxysmal, 201. 
Taste perceptions, 119. 
Temperament, 112. 
Temperature, external, 124. 
bodily, relation of, to blood-pres- 
sure, 160. 
Therapeutics. (See Treatment.) 
Throb, subjective, as criterion, 67. 



Thoracotomy, 264. 
Thorax, operations on, 271. 

paracentesis of, 240, 271. 
Thrombosis, arterial, 189. 

cerebral, 252. 
Tissues, influence of, in measurements, 

56. 
Tobacco, 118. 
Tone, vaso-motor, 16-24. 

vaso-motor, in collapse, 155. 

vaso-motor, in shock, 157. 

vaso-motor, variations of, local, 19. 

vaso-motor, variations of, reflex, 21. 
Tonometer, Gftrtner's, 82. 
Traction, in operations, 267. 

on child during labor, 286. 
Trional, 256, 257. 
Trace, manometric, the normal, 4. 
Training, physical, 122. 

physical, in cyclical albuminuria, 
184 
Transfusion, 26, 28. 
Traube-Hering waves, 86. 

in man, 112. 

in cerebral aniemia, 140, 141. 
Treatment, of acute disease* 221. 

of acute disease in childhood* 231. 

of cardio-vascular disease, 210. 

of haemorrhage, 272. 

of hypertension, 210. 

of shock, 276. 

of typhoid fever, 221. 
Tuberculosis, 231. 

in childhood, 231. 
Tubes, flow of liquids through, 9. 
Tumor, of the brain. 253. 

of the brain, operation for, 272. 

of the breast, operation for, 268. 

of the mediastinum, 191. 
Typhoid fever, 217. 

late effects of, 226. 

Unemia, 182. 

treatment of, 214. 
Uterus, operations on, 269. 

Vagus, stimulation of central cut end 
of, 20. 
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Vagus, stimulation of peripheral cut 

end of, 12. 
Variations, of blood-pressure. (See 

Blood-pbbssube.) 
Vaso-oonstrictor nerves, 17. 
Vaso-dilator nerves, 17, 18. 

drugs, in cardio-vascular disease, 
211. 

drugs, in puerperal eclampsia, 288. 

drugs, in shock, 277. 
Vaso-motor centres, 17, 18. 

centres, in asphyxia, 87. 

centres, in cerebral ansmia, 140. 

centres, in collapse, 155. 

centres, in shock, 155, 157. 

paralysis, effect of, on heart, 15. 

tone, the, 16-24 

tone, in collapse, 155. 

tone, in shock, 157. 

tone, variations of, local, 19. 

tone, variations of, reflex, 21. 
Velocity of stream, a com(K>nent of 

end pressure, 10. 
Venesection, in cardio-vascular dis- 
ease, 214. 

in puerperal eclampsia, 289. 



Ventricle, right, maximum pressore 

in, 82. 
Ventricles, output of, 12. 
Verification, of criterion of maximum 
pulsation, 69. 
of criterion of return of color, 66. 
of criterion of return of the pulse, 

62. 
of method of circular oompression, 
55. 
Vertebras, operations on, 271. 
Vessels, cerebral, disease of, 189. 
splanchnic, 21, 22. 
splanchnic, in arterio-sclerosis, 148. 
splanchnic, in hypertension, 142. 
Volume, of the circulating blood, 
25. 
output of the ventricles, 12. 

Waves, Traube-Hering, 86, 112. 
Traube-Uering, in cerebral aniemia, 
140, 141. 
Work, muscular, 89, 121. 
muscular, in cardio-vascular disease, 

208. 
muscular, in the aged, 122. 
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